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SUMMARY
The p re se n t s tu d y  m ainly  concerns V e r t ic i l l iu m  m a lth o u se i. 
a  p a r a s i te  o f  th e  c u l t iv a te d  mushroom A garious b is n o ru s . To a  
l e s s e r  e x te n t ,  Mycogone p e m ic io s a . an o th e r pathogen i s  a ls o  
examined* A f te r  d e sc rib in g  th e  pathogens and d is e a s e  synptoms, 
a  s tu d y  was made o f  th e  h is to p a th o lo g y  o f  d ise a se d  mushroom 
sporophores, r e s u l t in g  i n  th e  co n c lu s io n  th a t  w hile  producing 
i n t e r c e l l u l a r  mycelium, M. p e rn ic io sa  cau ses  h o s t c e l l  breakdown, 
a c o n d itio n  n o t observed f o r  V. m althousei which p re v e n ts  normal 
d i f f e r e n t i a t i o n  in  sporophore t i s s u e ,  a  l im ite d  h o s t range o f  
b o th  pathogens was in d ic a te d  by f a i l u r e  to  f in d  n a tu r a l ly  
o c c u rr in g  w ild  h o s ts .  The s ig n if ic a n c e  o f  spore d is p e r s a l  o f  
b o th  p a r a s i t e s ,  from in fe c te d  mushroom sporophores, on w ind-borne 
d u s t and d e b r is ,  by w a te rsp la sh , f l i e s  and c o n ta c t a re  d iscu ssed  
in  term s o f  com m ercial growing p r a c t ic e ,  th e  mechanism o f  m is t 
d is p e r s a l  b e in g  shown to  be in o p e ra tiv e  f o r  V. m a lth o u s e i. S o il  
f u n g is ta s i s ,  cau sin g  th e  f a i l u r e  o f  most c o n id ia  o f V. m althousei 
to  germ inate  i n  s o i l ,  r e s u l t s  in  th e  lo ng -term  s u rv iv a l  o f  spores 
o f  th e  organism , which i s  a ty p ic a l  o f  th e  genus* The n a tu re  o f 
s o i l  f u n g is ta s i s  fo r  V. m a lth o u se i i s  shown to  be dependant on 
a requ irem en t o f  exogenous n u tr ie n ts  f o r  spore germ ina tion  and th e  
u n a v a i l a b i l i ty  o f  such m a te r ia ls  i n  f i e l d  s o il*  The low com petitive  
sap rophy tic  a b i l i t y  o f  V. m althousei and s u s c e p t ib i l i t y  to  s o i l  
f u n g is ta s i s  i s  overcome in  s o i l  in  th e  p resen ce  o f  mushroom mycelium.
b u t in fe c t io n  o f  sporophore t i s s u e  o n ly  was ob serv ed . The 
in e f fe c t iv e n e s s  o f  d ith io ca rb am ate  fu n g ic id e  tre a tm e n t in  con­
t r o l l i n g  d ise a se  caused by  7 .  m althousei i s  examined in  term s 
o f  fu n g a l r e s is ta n c e ,  fu n g ic id e  s t a b i l i t y ,  t o x i c i t y  and 
s e l e c t i v i t y .  The ap p aren t g r e a te r  e f f ic ie n c y  o f  benomyl i s  
d iscu ssed  w ith  re s p e c t  to  p o s s ib le  hazards in  i t s  u s e .
]L INTRODUCTION
The c u l t iv a te d  mushroom A gàricus b lsp o ru s  (Lge#) S in g , i s  su s -  
c ^ t i b l e  to  s e v e ra l fu n g a l pathogens o f  which V e r t ic i l l iu m  m alth o u se i 
Ware cau sin g  *dry bubble* and Mycogone p e rn ic io s a  Magnus p roducing  
*wet bubble* d is e a se  a re  p ro b ab ly  the  most s e r io u s .  These d is e a s e s ,  
which were f o r  many y ea rs  confused , can cau se  co n sid e rab le  loss*  
v a ry in g  from 10 -  23% ( C o n stan tin  and Dufour 1892 b , Lambert 1930) 
to  c rops being  abandoned du rin g  epidem ics o f  th e  d is e a s e s  (Veihmeyer 
1914) • A survey  ( L ast a id  Gandy 1965) showed th a t  84^  o f  mushroom 
farm s were in fe c te d  w ith  M. p e m ic io s a .
a .  H is to r ic a l
The f i r s t  re p o r te d  exam ination  o f  a  fu n g a l d is e a se  o f  th e  c u l­
t iv a te d  mushroom was by Magnus ( I 688) who, in  th e  absence o f  a  sex u a l 
s ta g e , d esig n a ted  th e  c au sa l organism  Hypomyoes p e m ic io s u s  sp . nov. 
by  analogy w ith  H. chrysogenum ( B u l l . )  T u l . Cooke ( 1889) re p o r te d  
a mushroom pathogen  which resem bled Mycogone ro sea  Link and M. a lb a  
P e r8. b u t d if f e r e d  in  p o sse ss in g  amber co lo u red  chlam ydospores.  A 
d is e a se  o f  c u l t iv a te d  mushrooms was d e sc r ib e d  by  S ta p f  ( I 889) and 
a t t r ib u te d  to  V e r t ic i l l iu m  agaricinum  (L k .)  Corda, th e  c o n id ia l  
s tag e  o f Hypomyc^ ochraceus P e rs . S ev e ra l Mycogone chlamydo spo re s  
were seen b u t were n o t a s s o c ia te d  w ith  th e  pa thogen . P r i l l i e u x  
( 1892) a t t r ib u te d  a mushroom d is e a se  to  Mycogone ro se a  L ink, which 
on th e  im p erfec t s tag e  o n ly  was co n sid e red  to  be synonymous w ith  
Hypomyoes l i n k i i  T u l.
A d ise a se  known as * la  mole* was d isc u sse d  by C o n stan tin  and 
Dufour (1892  a) who no ted  "bat th e  c a u sa l organism  was s im ila r  to
Mycogone o e rv in a # The d ise a se  symptoms were d iv id e d  in to  two main 
ty p es  -  th e  'common* form where th e  s t i p e ,  p i le u s  and g i l l s  were 
w e ll d e fin ed  b u t sw ollen and d is to r te d  and th e  * scleroderm oid* 
type  where l i t t l e  d i f f e r e n t i a t io n  had tak en  p la c e , th e  d isea sed  
mushroom having th e  appearance o f  a  p u f f b a l l .  Two ty p e s  o f  spore  
were found on th e  'common* form -  long  c y l in d r ic a l ,  o c c a s io n a lly  
b i c e l l u l a r  ' V e r t ic i l l iu m * spo res produced in  w horls and b i c e l l u l a r  
Mycogone chlam ydospores. T h is  pathogen was r e f e r r e d  to  as 
' V e r t ic i l l iu m  a grandes sp o re s*. In  th e  sc leroderm oid  mushroom a 
V e r t ic i l l iu m  s tag e  o n ly , p roducing  sm all u n ic e l lu l a r  sp o re s , was 
found and d esig n a ted  ' V e r t ic i l l iu m  a p e t i t e s  sp o re s*. However, 
C o n stan tin  and Dufour (1892 b ) ,  a f t e r  exam ination  o f  in fe c te d  
specimens co n sid ered  th a t  a l l  t r a n s i t i o n s  betw een th e  two V e r t ic i l l iu m  
ty p es  occu rred  and assumed th e  d ise a se  symptoms were caused by Myocaone 
p e m ic io s a  Magnus. In  1901 M althouse d e sc r ib e d  a V e r t ic i l l iu m  qp. 
i s o la te d  from mushrooms, a l l i e d  to  V. ag aric lnum . which lacked  
secondary w horls on th e  co n id io p h o re s . I t  was t h o u ^ t  to  be id en ­
t i c a l  w ith  th e  pathogens d e sc rib e d  by Magnus ( 1888), Cooke ( 1889),
S ta p f ( 1889) ,  C o n stan tin  and Dufour ( l8 9 2  a) and P r i l l i e u x  ( 1892) ,  
th e  absence o f  chlamydo spo re s  b e in g  a t t r ib u te d  to  environm ental 
c o n d itio n s .
In  America, Veihmeyer ( 1914) confirm ed th e  two types o f  d isea sed  
mushrooms d esc rib ed  by C o n stan tin  and Dufour ( I 892 a ) b u t f a i l e d  to  
i s o l a t e  a  sm all-sp o red  V e r t ic i l l iu m  s p e c ie s . The pathogen agreed  
w ith  th e  d e s c r ip t io n  o f  M. p e m ic io s a  Magnus and was i s o la te d  from
b o th  'common' and 'sc le ro d e rm o id ' (sen su  C o n stan tin  and Dufour) 
ty p es  o f  d ise a se d  mushrooms. These f in d in g s  c o n tra d ic te d  th e  
r e s u l t s  o f  C o n stan tin  and Dufour (l8 9 2  a , b ) ,  th e  p o s i t io n  b e in g  
c l a r i f i e d  by S m ith 's  dem onstra tion  ( 1924) th a t  sc leroderm oid  mush­
rooms could  be produced by two d i s t i n c t  p a th o g en s. In f e c t io n  
experim ents dem onstrated  t h a t  M. p e rn ic io s a  Magnus can  cause th e  
scleroderm oid  c o n d itio n  in  mushrooms in  a d d it io n  to  th e  l e s s  sev e re  
d i s to r t i o n s .  From o th e r  scleroderm oid  d ise a se d  mushrooms Smith 
re p o r te d  a f r e q u e n tly  s u b v e r t i c i l l a t e  i s o l a t e  producing  sm alle r 
c o n id ia  than  M. p e m ic io s a  being  devoid  o f  chlamydo sp o re s . T h is  
he d e s ig n a te d  Cephalosporium C o n sta n tin ! sp . nov. and co n sid e red  
i t  to  be id e n t ic a l  w ith  V e r t ic i l l iu m  a p e t i t e s  sp o res  d e sc rib e d  
by C o n stan tin  and Dufour ( l8 9 2  a ) .  However S m ith 's  d e s c r ip t io n  
and t e x t - f i g u r e s  in d ic a te  a V e r t ic i l l iu m  sp . and throw s doubt on 
th e  v a l i d i t y  o f  h i s  g en eric  d é s ig n a tio n . Smith a lso  d e sc rib e d  
Cephalosporium la m e llae c o la  sp . nov. causing  g i l l  f a s c ia t io n  o f  
th e  c u l t iv a te d  mushroom, which d i f f e r e d  from C. C o n s ta n tin !  i n  show­
in g  a n ta g o n is t ic  e f f e c t s  tow ards M. p e m ic io s a  in  mixed c u l tu r e .
I n  a  d e ta i l e d  s tu d y  o f  d isea sed  mushrooms showing s im ila r  
symptoms to  th o se  in fe c te d  by M. p e m ic io s a . Ware (1933) co n sid e red  
th e  d is e a se  symptoms and d e s c r ip t io n  o f  th e  c a u sa l organism  agreed  
w ith  th o se  re p o r te d  by M althouse ( 19OI) and d e s ig n a te d  th e  pathogen 
V e r t ic i l l iu m  m alth o u se i sp . nov. Ware d is t in g u is h e d  h i s  i s o l a t e s  
from C. C o n sta n tin ! on th e  b a s is  o f  spore s iz e  and con id iophore  
s t r u c tu r e  b u t d isag ree d  w ith  Sm ith (l9 2 4 ) th a t  V e r t ic i l l iu m  a p e t i t e s
spo res (C o n s ta n tin  and Dufour 1892 a , b) could  be r e f e r r e d  to  
C. C o n sta n tin !  and in ^ l ie d  from S m ith 's  d e s c r ip t io n  and t e x t -  
f ig u r e s  th a t  th e  organism  was V. m a lth o u se i.
W illiam s (l9 3 9 ) dem onstrated  th a t  Mycogone ro se a  i s  c ap ab le  
o f  producing  a d ise a se  o f  c u l t iv a te d  mushrooms b u t  th i s  d is e a se  
does n o t appear to  be o f  commercial im portance. V e r t ic i l l iu m  
p s a l l i o t a e  sp . nov. was d e sc rib e d  by  Treschow ( l9 4 l )  which symptom­
a t i c a l l y  d i f f e r e d  l i t t l e  from in fe c t io n s  produced by  V. m a lth o u se i. 
F a s sa tio v a  ( 1965) co n sid e red  th a t  V. p s a l l i o t a e  Treschow and 
C. C o n sta n tin !  a re  in d is t in g u is h a b le  from , and can be grouped w ith in , 
th e  sp ec ie s  V. m althousei on th e  b a s is  o f  s iz e  and shape o f  c o n id ia , 
b u t th e se  co n c lu sio n s  were drawn from a s tudy  o f  e lev en  i s o l a t e s  
in c lu d in g  one o f  C. C o n stan tin ! and two o f  V. p s a l l i o t a e . Is a a c  
( 1967) su p p o rts  F a s s a t io v a 's  ( 1965) c o n te n tio n , em phasising th a t  
d if f e r e n c e s  in  c o n id ia l  dim ensions and optim a o f  pH and tem p era tu re  
f o r  m y ce lia l growth a re  poor c r i t e r i a  f o r  s p é c ia t io n  in  th e  genus 
V e r t ic i l l iu m .
b .  H ost Range
W hile a l l  s t r a in s  o f  th e  commercial mushroom ^ p e a r  to  be su scep t­
ib l e ,  very  l i t t l e  in fo rm atio n  i s  a v a i la b le  on th e  w ild  h o s ts  o f  
V. m althousei o r  M. p e m ic io s a . C o n stan tin  (1893^)i s o la te d  Mycogone 
sp . from Amanita rubescens and Inocybe T r i n i i  w h ile  Co m u  ( I 881) 
i s o la te d  an organism  o f  the same genus from Amanita p r a e to r i a .
Mycogone ro se a  was i s o la te d  by  V uillem in  (l8 9 7 ) from deformed sp e c i­
mens o f  A rm illa r ia  a u ra n tia  and Tricholom a terreum  and l a t e r  T o urnais
( 1909) re p o r te d  M. p u cc in o ld es  from R ussula  cham aeleon tina .  S o i l  
h as  been suggested  as th e  main source of  M. p e m ic io s a  0 each  1937» 
Wood i 960) and 7 .  m althousei (Kheebone 1961)
c .  C u ltu ra l S tu d ie s
V# m althousei and M. p e m ic io s a  grow on most la b o ra to ry  media 
used  f o r  th e  c u l t iv a t io n  o f  fu n g i.  F ék e te  ( 1967) found th a t  the  
chem ical com position  o f  th e  medium had l i t t l e  e f f e c t  on m ycelia l 
growth o r  sp o ru la tio n  o f  V. m althousei in  c o n tr a s t  to  Smith* s e a r l i e r  
o b se rv a tio n s  w ith  M. p e m ic io s a  where th e  p ro p o r tio n  o f  c o n id ia  
in c re a se d  w ith  in c re a s in g  n itro g e n  c o n te n t o f  growth m edia. Using 
unb u ffered  l iq u id  media Treschow ( l9 4 l )  o b ta in ed  maximal growth o f  
7 .  m althousei a t  pH 5 .6  and M. p e m ic io s a  a t  pH 6.7* I l lu m in a tio n  
appears to  have l i t t l e  e f f e c t  on s p o ru la tio n  in  pure c u l tu re s  o f 
V. m althousei (F ek e te  1967) and o f  M. p e m ic io s a  (sm ith  1924) w hile  
th e  o n ly  e f f e c t  on th e  l a t t e r  o f  in c re a s in g  r e la t iv e  hum idity  was to  
produce a more f lo c c u le n t  c u l tu re  (Sm ith 1924) #
P a r t i c u la r  a t t e n t io n  has been p a id  to  the  e f f e c t  o f  tem p era tu re , 
to  p ro v id e  a  b a s is  f o r  e f f e c t iv e  methods o f  c o n tr o l .  Minimum, o p t i ­
mum and maximum tem p era tu res  quoted fo r  m y ce lia l growth on la b o ra to ry  
media f o r  V. m althousei were 0 -  10, 1 8 - 2 4  and 30 -  36 C, f o r  
M. p e rn ic io s a  10 -  I 7 , 22 -  25 and 28 -  32 C and f o r  A garicus b isp o m s  
3 -  7 . 5 , 2 3 - 2 5  and 29 .5  -  30 C (Sm ith 1924» Lambert 1930, Beach 
1937» Treschow 1941» S in g e r I 96I  and F ek e te  1967) • Thermal dea th  
tem p era tu res  and tim es fo r  M. p e m ic io s a  were recorded  as 46  -  490 
f o r  tw en ty  fo u r  h o u rs , 420 f b r  s ix  hou rs, 50 -  550 f o r  fo u r  hou rs and
60 -  65C f o r  two bour» w hile  th e  v a lu e s  were 4OC fo r  s ix  hou rs , 50C 
f o r  two h o u rs , 48C fo r  one hour and 60C f o r  t h i r t y  m inutes fb r
7 .  m althousei (Lambert 1930, Ware 1933, Beach 1937, Anderson 1956, 
Lambert and Ayers 1957 and F ek e te  I 967)» No s u rv iv a l o f e i th e r  
pathogen was found a f t e r  tre a tm en t f o r  tw enty  fo u r  hours w ith  steam 
and form aldehyde a t  490 (Gandy 1954) # The v a lu e s  shown f o r  the rm al 
d ea th  o f th e se  pathogens in d ic a te  t h a t  n e i th e r  w i l l  su rv iv e  th e  second 
phase o f  com posting (S inden  and H auser 1953) in  which peak h e a tin g  
o r  p a s te u r iz a t io n  taupe  r a tu re s  o f  52 -  60C a re  m ain ta ined  fo r  a t  l e a s t  
2 4 - 4 8  h o u rs .
The op tim al tem p era tu res  fo r  n y c e l ia l  grow th o f th e  pathogens 
a re  s im ila r  to  th a t  f o r  th e  c u l t iv a te d  mushroom, b u t minimal growth 
tem p era tu res  f o r  7 .  m althousei and A garicus b isp o ru s  a re  low er th an  
th a t  fo r  M. p e m ic io s a . The tem p era tu res  used  f o r  sporophore p ro ­
d u c tio n  on a commercial mushroom farm  a re  15 -  18C. Thus in  cropp­
in g  houses known to  be in fe c te d  w ith  M. p e r n ic io s a . a re d u c tio n  
in  th e  cropp ing  tem p era tu re  to  below 130 would b e  advantageous 
(Lam bert 1930). However t h i s  slows sporophore i n i t i a t i o n  and dev­
elopm ent to  a le v e l  com m ercially  unaccep tab le  in  t h i s  c o u n try .
H eat tre a tm e n t o f  c a s in g  m a te r ia l  w ith  steam to  820 fo r  tw enty 
m inutes o r  f la s h  p a s te u r iz a t io n  a t  lOOC to  e lim in a te  c as in g  mat­
e r i a l  a s  a source o f  in f e c t io n  i s  o f te n  p ra c t is e d  on farm s (Kneebone 
and Merek 1961) w h ile  steam i s  o f te n  used to  r a i s e  th e  tem p era tu re  
to  600 f o r  a t  l e a s t  one hour in  growing houses a t  th e  end o f  c ro p p in g  
to  p rev en t c a r ry -o v e r  and d issem in a tio n  o f  d is e a s e .
d . C on tro l
The mushroom in d u s try  has experim ented w ith  chem icals to  
c o n tro l  funga l d isea ses*  Measures which have been pioposed  in c lu d e  
th e  d is in f e c t io n  o r  fum igation  o f growing houses betw een c ro p s , 
th e  tre a tm e n t o f  c a s in g  m a te r ia l to  k i l l  in f e c t iv e  p ropagules p r io r  
to  u se , tre a tm e n t o f  th e  c a s in g  su rfa ce  w ith  fu n g ic id e s  to  p reven t 
in f e c t io n ,  th e  lo c a l  a p p l ic a t io n  o f chem icals to  in fe c te d  a re as  o f  
c a s in g  and th e  g e n e ra l d is in f e c t io n  o f  th e  mushroom farm* The u se s  
o f  fu n g ic id a l m a te r ia ls  on mushroom farm s can  be  b ro a d ly  c l a s s i f i e d  
in to  e ra d ic a n t and p ro p h y la c tic  c a te g o r ie s*
Many e ra d ic a n t m a te r ia ls  have been recommended f o r  genera l 
hygiene purposes and c a s in g  tre a tm e n t .C o n s ta n tin  and Dufour ( 1893) 
suggested  th e  use  o f  2 .0 ^  'ly so l*  o r  su lphu r d io x id e  fum igation  to  
d i s in f e c t  th e  i n t e r i o r  o f  c ropp ing  houses a g a in s t Mycogone a f t e r  
eo p ty in g , id i i le  M althouse ( 19OI) proposed th e  u se  o f  O.O4  -  0 . ] ^  mer­
c u r ic  c h lo r id e  a s  a  d is in f e c ta n t  sp ray  betw een c ro p s  in  in fe c te d  
d av es . Veihmeyer ( 1914) t r e a te d  c u ltu re s  o f  M. p e m ic io s a  w ith  
form aldehyde and 'c o a l  o i l '  and th e  form er has s in c e  been w idely  
adopted as  a  fum igant betw een c ro p s . S o lu tio n s  o f  1 -  2% copper 
su lp h a te  and c a r b o l ic  a c id  (2*3% c re s y l ic  a c id  w ith  soap sp read er) 
were recommended as g en e ra l d is in f e c ta n ts  by Beach (l9 3 7 ) to g e th e r  
w ith  fu m ig atio n  w ith  su lphur d io x id e . Beach a lso  suggested  t r e a t ­
in g  d isea sed  a re a s  o f mushroom beds d u rin g  c ro p p in g  w ith  s o i l  im­
p reg n a ted  w ith  formËhn o r  w ith  10 -  15% co p p er-lim e  d u s t .  The u se  
o f  fo rm a lin  l o c a l ly  on ca s in g  was found by  P h il ip p  ( 1963) to  com ple te ly
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i n h i b i t  mushroom grow th in  th e  a p p l ic a t io n  a re a  b u t F le tc h e r  and 
Ganney &1969) su c c e s s fu lly  u sed  ]% fo rm a lin  d u rin g  cropp ing  f o r  
c o n tro l  o f  M. p e m ic io s a .  Today the  main e ra d ic a n t chem icals 
used a re  g e n e ra l d is in f e c ta n ts  fo r  in te r n a l  and e x te r n a l  a p p lic a ­
t io n  to  growing houses and th e  mushroom farm  s i t e .  Form alin  i s  
commonly used  as an in te r - c r o p  fum igant -  o f te n  to g e th e r  w ith  steam 
in  th e  'co o k in g  o u t ' p ro c e ss  b e fo re  emptying a c ro p . The u se  o f  
m ethyl bromide (Hayes? and Randle 1968, Hayes 1969) as  an e n d -o f-  
crop  fum igant i s  a lso  growing in  p o p u la r i ty .
The u se  o f  p re v e n ta tiv e  fu n g ic id a l  compounds on mushroom beds 
commenced w ith  th e  in tro d u c tio n  o f  d ith io ca rb am ate  compounds ( Sinden 
and Yoder 1949) which were presumed to  p o sse ss  s e le c t iv e  a c t i v i t y  
a g a in s t th e  fu n g a l pa thogens. A lthough good su ccess  in  d isea se  
c o n tro l  was sometimes o b ta in ed  u s in g  zineb  ( Sinden and Yoder 1949) 
Yoder, S inden  and H auser 1950^ Z o b r is t  1953), doubts about i t s '  
e f f ic ie n c y  were exp ressed  (Yoder e t  a l  1950, P h il ip p  I 963) b u t ov er 
th e  y ea rs  s in ce  1949 th e  recommended a p p l ic a t io n  r a t e s  f o r  z ineb  
p re p a ra t io n s  have g ra d u a lly  in c re a se d  (Kneebone and Merek I 961) .
A c o n tin u a l sea rch  f o r  more e f f e c t iv e  p ro p h y la c tic  agen ts  has 
r e s u l te d  in  the  u se  o f  s e v e ra l o th e r  d ith io ca rb am ate s  e .g .  'Vertomyo* 
(F ek e te  and Kiihn 1965, 1966) • Today th e  use o f  d ith io ca rb am ate  
fu n g ic id e s  on mushroom beds i s  w idespread -  many farm s sp ray in g  o r  
d u s tin g  th e s e  m a te r ia ls  r e g u la r ly  as p a r t  o f  th e  normal mushroom 
growing o p e ra t io n . Ayers and Lambert (1955) proposed th e  u se  o f  
c h lo r in a te d  w ater ( 5O -  200 p .p .m . a v a ila b le  c h lo r in e )  to  p rev en t
b a c t e r i a l  d iseases*  T h is  p rocedure  a lso  reduced the  in c id en ce  o f  
V e r t ic i l l iu m  and Mycogone d is e a se s  and the  use o f  c h lo r in a te d  w ater 
has become s tan d a rd  p r a c t ic e  on many mushroom farm s.
I f  'bubble* d is e a se  becomes e s ta b l is h e d  on mushroom b e d s , th e  
removal o f  in fe c te d  sporophores i s  w idely  p r a c t i s e d .  A se r io u s  
d isadvan tage  o f  t h i s  method i s  t h a t  w orkers need to  handle d ise a se d  
specimens -  th u s  c re a t in g  a d is p e r s a l  h a za rd . A method which ov er­
comes t h i s  d isadvan tage  i s  th a t  o f  p h y s ic a l i s o la t io n  o f  d isea sed  
sporophores u s in g  the i s o la t io n  cup tech n iq u e  (Jaco b s  196$). In  
t h i s  method d isea sed  mushrooms a re  i s o la te d  on th e  beds by in v e r t in g  
over them a p l a s t i c  cup which i s  pushed w e ll down in to  the  c a s in g . 
T h is  p re v e n ts  p o s s ib le  spore  d is p e r s a l  by w ind, w a te r and in s e c ts  
and e n ab le s  p ic k e rs  to work in  a  d ise a se d  a re a  w ith o u t contam inat­
in g  t h e i r  hands o r  h e a lth y  sporophores. The cup i s  l e f t  in  p la c e  
u n t i l  th e  end o f  c ropp ing  and i s  used  w ith o u t fu n g ic id e s . The a p p l i­
c a t io n  o f  th e  c o n tro l  measures o u tl in e d  above a re  o f  l i t t l e  v a lu e  
u n le s s  re in fo rc e d  w ith  good hygiene p ro c e d u re s . Every a ttem p t must 
be made to  reduce the  g e n e ra l le v e l  o f  s i t e  con tam ination  by in f e c t ­
iv e  p ropagu les  o f  V. m althousei and M. p e m ic io s a .
The p re s e n t  work i s  m ainly concerned w ith  a  s tu d y  o f  s e le c te d  
a sp e c ts  o f  th e  b io lo g y , epidem iology and c o n tro l  o f  V. m a lth o u se i* 
In  c e r t a in  a sp e c ts  o f th e  work M. p e m ic io s a  i s  a lso  examined. F o r 
convenience th e  work i s  s e c t io n a l is e d  under a p p ro p ria te  h ead in g s .
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2. MATERIALS AND METHODS
a .  I s o la t io n  Methods
I s o la te s  o f  V. m alth o u se i and M. p e m ic io s a  fl*om in fe c te d  
mushrooms o b ta in e d  from W rington V ale N u rse r ie s  L td . ,  Som erset, 
were c u ltu re d  a t  24C on 2% m alt e x t r a c t  ag a r (O xoid) o r  on m alt 
ag a r c o n ta in in g  1 ; 30,000  ro se  ben g a l and 30ng/m l strep tom ycin  
( M artin  1930) and su bsequen tly  m ain tained  on m alt a g a r .
V. M althousei and M. p e m ic io s a  i s o l a t e s  degenera te  in  s ta le d  
c u l tu r e  n e c e s s i ta t in g  weekly su b o u ltu r in g . To av o id  p o s s ib le  
d eg en e ra tio n  through re p e a te d  su b c u ltu r in g , f re s h  I s o la t io n s  w ere 
made approx im ately  every  two m onths.
b .  Mushroom Growing Methods
Commercial w hite  s t r a in s  o f  th e  c u l t iv a te d  mushroom A garicus 
b isp o ru s  were used  ( v i z .  'W hite Queen 101*, 'Som ycell 57 and 22*, 
and D arlin g to n s  W hite) .  A ll s t r a i n s  were grown and m ain tained  
on m alt e x t r a c t  agar ( Oxoid) w ith o u t p ep to n e .
Spawn-run ho rse  manure compost used  in  t h i s  s tu d y  was m ainly 
p rep a red  by W rington Vale N u rse r ie s  L td . ,  u s in g  th e  two phase 
sh o r t com posting procedure  ( Sinden and H auser 1953)# To produce 
mushroom sporophores in  th e  la b o ra to ry  th e  spawn-run compost was 
packed in to  fo u r  inch  'Hartmann* f ib r e  p o ts  to  w ith in  2 .5  cm. o f  
th e  to p . O ther c o n ta in e rs  i . e .  p l a s t i c  boxes and g la s s  b eakers  
were used  f o r  s p e c if ic  experim en ts. To induce sporophore i n i t i a t i o n  
th e  compost was covered  w ith  a 2 cm. c as in g  la y e r  o f  m oist sphagnum
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p e a t b u ffe re d  w ith  lim esto n e  c h ip p in g s  (pH 8 .0  -  8 . 3) ,  o r  a lim e­
s tone  loam s o i l  (pH 7*0 -  7 # l)  o b ta in ed  from th e  U n iv e rs ity  g rounds. 
Both p e a t and s o i l  were a i r  d r ie d  f o r  s to ra g e  p u rp o ses, th e  l a t t e r  
b e in g  p assed  t h r o u ^  m 2 mm. s iev e  p r io r  to  u s e .
The ca s in g  was k ^ t  m oist d u rin g  mushroom developm ent by 
th e  c a p i l l a r y  wick method o f  P legg  ( 1962) .  B efo re  u se  the  nylon 
f e l t  w icks were b o ile d  f o r  one hour to  remove any chem ical d re s s in g  
w h ile  betw een experim ents th e  w icks were t h o r o u ^ ly  washed and 
s t e r i l i s e d  by  a u to e la v in g . A ll c a s in g  ex p erim en ts , u n le ss  in d ic a te d ,  
were c a r r ie d  o u t in  a  sm all growth room m ain ta ined  a t  15 -  18 C 
and 70 -  9 ^  r e l a t i v e  hum id ity . Under th e s e  c o n d it io n s , mushroom 
i n i t i a l s  appeared  in  fo u r te e n  days, m aturing  seven daya l a t e r .  
P y re th r in  sp rays were used p e r io d ic a l ly  to  p rev en t o r  c o n tro l  f l y  
in f e s t a t i o n .
S p e c if ic  tech n iq u es  employed i n  th e  ex p erim en ta l work a re  f o r  
convenience d iscu ssed  in  th e  a p p ro p ria te  s e c t io n s .
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3 .  DESCRIPTIONS. PATHOLOGY AND HOST RANGE
D isease Symptoms 
V. m althousei can in f e c t  th e  sporophore o f  th e  w hite  c u l t i ­
v a te d  mushroom a t  a l l  s ta g e s  in  i t s  developm ent. I n f e c t io n  o f  
th e  sporophore i n i t i a l  r e s u l t s  in  th e  most severe  symptoms, 
d is e a se d  mushrooms appearing  a s  w hite  to  p a le  gray  u n d iffe re n ­
t i a t e d  masses o f  t i s s u e  w ithou t re c o g n iza b le  s t i p e  o r  p i le u s .
( P l a t e  l )  • These 'sc leroderm oid* mushrooms a re  t o u ^  and e l a s t i c  
and rem ain on mushroom beds; w ithou t p u tre fy in g #  Mushrooms in fe c te d  
betw een pinhead and b u tto n  s tag e  show d i f f e r e n t i a t i o n  in to  p i le u s  
and s t ip e  b u t a re  abnormal in  shape. The s t ip e  i s  th ickened  
e x p e c ia lly  a t  th e  b ase  and th e  p i le u s  i s  sm all, t i l t e d  and m isshapen 
( P la t e  2) .  S t r ip s  o f  t i s s u e  p e e lin g  back  from th e  top  o f  the  s t ip e  
a re  o f te n  seen (P la te  3 )* L a te ra l  in f e c t io n s  o f  the  s t ip e  o f  a  
mushroom a t  b u tto n  o r  cup s tag e s  r e s u l t s  in  the  fo rm atio n  o f  a 
lo n g i tu d in a l  sunken a re a  which may ex ten d  th e  le n g th  o f  th e  s t a l k .  
These le s io n s  a re  u s u a lly  brown in  c o lo u r o r  a l t e r n a t iv e ly  b e a r 
a 'bloom* o f  grey s p o ru la tin g  mycelium o f  th e  pa thogen . L o ca lised  
l a t e r a l  p i le u s  in f e c t io n s ,  o c c u rrin g  b e fo re  th e  p i le u s  m atures 
r e ta r d  ex p an sio n  o f  th e  in fe c te d  a re a  p roducing  h a re l ip  d e fo rm itie s  
(P la te  4 )* S u p e r f ic ia l  in fe c t io n s  o f  m ature mushrooms produces 
s l i g h t l y  sunken brown sp o ts  on th e  upper su rfa ce  o f  th e  cap , which 
develop a grey bloom (P la te  5) . Mature sporophores may develop 
v i s ib le  g i l l  in f e c t io n ,  b u t o f te n  when th e  la m e lla e  appear h e a lth y , 
m icroscopic  in s p e c tio n  re v e a ls  th e  p resence  o f th e  pathogen .
M ycelia l growth o r  s p o ru la tio n  o f  .^^e pathogen was no t observed  on
P la te  No. 1 Mushroom sporophore , in fe c te d  w ith  V. m a lth o u se i.
showing scleroderm oid  symptoms -  an u n d if f e r e n t ia te d  
mass o f  sporophore t i s s u e  w ith o u t re c o g n isa b le  
s t ip e  o r  p i le u s .  (X 2)
P la te  No. 2 Mushroom sporophore , in fe c te d  w ith  T . m althousei 
showing th ick en ed  s t ip e  w ith  sm all, t i l t e d  and 
m is-shapen p i le u s .  ( x  l )

P la ta  Ko. 5 Mushroom sporophore, in fe c te d  w ith  7 .  m a lth o u se i.
w ith  th ick en ed  s t ip e ,  sm all cap syndrome, showing 
s t r i p s  o f  t i s s u e  p e e lin g  back from th e  top  o f 
the s t i p e .  (Z  I . 5)
À
I t
P la te  No. 4  L ocalised  l a t e r a l  p ile u s  in fe c tio n  by 7 .  m althousei. 
re s u lt in g  in  the form ation o f  a 'h are lip *  
deform ity (x  2)
P la te  No. 5 S u p e rf ic ia l in fe c tio n  by 7 .  m althousei diowing 
s l i ^ t l y  sunken brown i^o ts  on th e  upper surface 
o f  the p i le u s , some o f which have developed a , 
grey îbloom* o f  sp o ru la tio n  of th e  pathogen. Some 
b a c te r ia l  in fe c tio n  i s  a lso  v i s ib le .  (x  l )
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th e  cas in g  surface»  excep t on sm all p a r t i e  le  a  o f  c a s in g  m a te r ia l 
in  c o n ta c t w ith  th e  d isea sed  mushroom.
M. -perniciosai in f e c t io n  a lso  causes a  scleroderm oid  defo rm ity  
in  th e  sporophore o f  th e  c u l t iv a te d  mushroom s im ila r  to  th a t  caused 
by V. m a lth o u se i. b u t amber beads o f  l iq u id  exudate a re  u s u a lly  
seen ( P la t e  6 ) .  O lder in fe c te d  sporophores tu rn  brown» become 
s o f t  and decompose in  s e v e ra l  d ay s. Less sev e re ly  a f fe c te d  sp ec i­
mens a re  deformed w ith  sw ollen s t ip e s  and sm all p i le i»  s im ila r  to  
synçtoms produced by V. m alth o u se i.  Mature sporophores in fe c te d  
by M. p e rn ic io s a  b e a r  a  dense f lo c c u le n t  w hite  f e l t  o f  p a r a s i t i c  
mycelium on th e  g i l l s  ( P la te  7)9 s t i p e  and a lso  o c c a s io n a lly  on 
th e  upper su rfa ce  o f  th e  p i le u s  ( P la te  8 ) .  Hyphal outgrow ths Arom 
th e  b a se  o f  the  s t ip e  may c o lo n ise  th e  c a s in g  su rfa c e  i n  th e  imme­
d ia te  v i c i n i t y  o f  th e  d ise a se d  sporophore ( P la te  9) to  about 1 cm. 
from th e  s t ip e  base* The most s t r ik in g  symptomatic d if fe re n c e  
between in fe c t io n s  produced by th e  two pathogens i a  th e  appearance 
o f  amber co loured  beads o f  l iq u id  e x u d a te . However t h i s  i s  no t 
an a b so lu te  d is t in g u is h in g  fe a tu re  a s  s im ila r  d ro p le ts  have b e a i  
seen o c c a s io n a lly  on mushrooms in fe c te d  w ith  V. m althousei.  R e lia b le  
d ia g n o sis  o f  e i t h e r  o f  th e se  fu n g a l d is e a s e s  o f  th e  c u l t iv a te d  mush­
room based  on symptoms a lone  i s  o f te n  d i f f i c u l t ,
b .  M icroscopic S tru c tu re  o f  th e  Pathogens
The s t r u c tu r e  o f  V. m althousei i s  i l l u s t r a t e d  in  P la te s  10 
and 11 . I n  cu ltu re»  h y a lin e  s e p ta te  mycelium» 1 -  5 in  d iam e ter, 
c lo se  to th e  m alt agar su rface  produces v e r t i c a l ,  h y a lin e , r a r e ly
P la te  No» 6 SclerodennoM mushrooms produced by in fec tio n  
w ith M. p e rn ic io sa . Beads o f liq u id  exudate 
are v is ib le  (Upper photograph X 2 
Lower photograph X l )
î
u
P la te  No# 7 Mature mushroom sporophores, in fe c te d  by 
M# pern ic iosa i bearing  a f e l t  o f p a ra s i t ic  
mycelium on th e  g i l l s ,  and in  th e  lower photo­
graph, a lso  on the  s t ip e .  (x  l )
L
P la te  No, 8 Group o f  mushrooms in fe c te d  w ith  M# p e m ic io sa
in c lud ing  a t  l e a s t  one mature sporophore, b ea rin g  
a dense f lo c c u le n t udiite f e l t  o f  p a r a s i t i c  mycelium 
on g i l l s ,  s t ip e  and upper su rface  o f the  p ile u s  ( x  l )

P la te  No. 9 Lim ited c o lo n isa tio n  o f  the  casing  by  M. p e m lc io sa  
growing from in fe c te d  mushroom sporophores*
(Upper photograph X 1 , Lower photograph X 1 ,5)
f.m
P la te  10 H abit o f  V, nal thons e l  in  c u ltu re , showing
conid iophore, p h i a lü e s  and spore-m asses (x  2$0)
P la t e  11 D e ta il  o f  s tru c tu re  o f  7# m althousei showing 
mode o f  attachm ent of co n id ia  to  p h ia lid e  t ip ,  
(P hase  c o n tra s t  X lOOO)
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branched conidiophore s  up to  600 fx in  le n g th  ta p e r in g  from 4  P 
d iam eter a t  th e  b ase  to  1 p  a t  th e  t i p ,  g iv in g  th e  colony a w h ite , 
compaot, smooth, d o s e ly - te z tu r e d  appearance* Up to  seven w horls 
o f  2 -  9 p h ia l id e s  o f  11 -  33 P  in  le n g th , o f  maximum b a s a l  d iam eter 
2 p  and t i p  d iam eter 0*3 P , a re  seen a long  th e  conid iophore ax is*  
H yaline o v a l to  c y l in d r ic a l  n o n -sep ta te  co n id ia  2 - 1 2 p z l - 3 p  
accum ulate in  s p h e r ic a l  m ucilaginous mas sea  a t  each p h ia l id e  t i p ,  
a d jacen t spore-m asses commonly c o a le sc in g . S im ila r  dim ensions 
were recorded  from m a te ria l a sso c ia te d  w ith  in fe c te d  mushrooms.
The above d e sc r ip tio n  compares v e ry  c lo s e ly  w ith  th a t  o f  Ware (l933 ) 
who qu o tes  la rg e r  maximum dim ensions fo r  conidiophore and p h ia lid e  
le n g th  and g ives c o n id ia l  dimensions as 3 •  l6  p  x  1 .5  ** 5#0 p# 
P la te s  12 and 13 i l l u s t r a t e  the  s t ru c tu re  o f  M. p e m ic io s a . 
C olonies o f  t h i s  organism  on m alt agar a re  a t  f i r s t  w h ite , then 
brown w ith  a  w hite  margin and o f  a  more f lu f f y  te x tu re  th an  
V. m althousei.  I n i t i a l l y  th e  s e p ta te  h y a lin e  mycelium 3 -  4 jp  in  
d iam eter produces te rm in a lly  v e r t i c a l  h y a lin e  conid iophores up to  
400 p  in  le n g th  ta p e r in g  fVom 4  p  d iam eter to  1 p  a t  th e  t i p  b e a r­
in g  up to  s ix  groups o f  v e r t i c i l s  o f  up to  f iv e  b ranches p e r  group. 
The upper b ran ch es  20 -  40 p  in  le n g th  b e a r  s in g le ,  te rm in a l, t h in -  
w alled  narrow e y l in d r io a l  b i c e l l u l a r  co n id ia  9 - 2 3 p x 2 - 5 ) i  
w ith  bo th  ends tap e red  o r  l e s s  f re q u e n tly  w ith  a  rounded apex.
On s h o r te r  b ran ch es  o f  o ld e r  mycelium la rg e  numbers o f  s in g le  
rounded te rm in a l th ic k -w a lle d , w arty , u n ic e l lu la r  chlam ydospores 
13 -  20 p  X 17 -  23 p a re  form ed. When immature, th e se  a re  h y a lin e
P la te  12 H a b it o f  M, p e m ic io s a  in  c u l tu re  (x  250)
m
P la te  13 Upper photograph -  conid iophores h e a rin g  co n i& a
o f  M. p e m ic io s a  (x  700)
Lower photograph -  chlamydospore o f  M, p e rn ic io sa
w ith  b a s a l  c e l l  a tta ch e d  





b u t ra p id ly  tu rn  l i ^ t  brown# Each chlamydo spore i s  produced on 
a th in -w a lled  h y a lin e  rounded smooth c e l l  8 -  13 p  x 11 -  18 p 
and since chlauydospore and b a s a l  c e l l  a re  u su a lly  d isp ersed  as 
a s in g le  u n i t ,  th e  chlamydo spores a re  o f te n  described  as b ic e l lu la r #
This d e sc r ip tio n  agreed c lo se ly  w ith  th a t  o f  C onstan tin  and Dufour 
(1893) and Smith ( 1921k) .
One tube cu ltu re ; o f  N. p em io iosa i on m alt e x tr a c t  agar incu­
b a ted  a t  2b C in  th e  dark , produced a w hite s e c to r  w ith  a c lo se  
woolly te x tu re  a t  the growing edge o f  an otherw ise normal co lony .
This w hite v a r ia n t  possessed  m ycelium ,conidiophores and con id ia  
id e n t ic a l  in  s t ru c tu re  and dimensions to  M. p e m ic io s a . b u t on ly  
immature h y a lin e  chlanydospores were produced. Successive sub­
c u ltu re s  o f  th i s  organism on m alt e x tra c t  agar produced colonies; 
m ain ta in ing  th e se  c h a r a c te r i s t ic s .  In fe c tio n  experim ents showed 
th e  v a r ia n t  to  be in fe c t iv e  producing scleroderm oid sporophores 
id e n t ic a l  w i1^ ty p ic a l  in fe c te d  specimens b u t la ck in g  mature 
chlamydospores (P la te  I 4 ) » This mutant was used in  su rv iv a l e x p e ri­
ments to  be d e sc rib ed  l a t e r .
0 . In te rn a l  Anatomy o f  D iseased Mushrooms
Ware (1933) observed, a p a r t  from a narrow d isco lo u red  zone ^
below th e  su rface , t h a t  th e  mushrooms in fec ted , w ith  V. m althousei 
were w hite  in  co lou r b u t possessed a more f e l t - l i k e  co n sis ten cy  
than  h e a lth y  t i s s u e ,  b p o ru la tio n  o f  the  pathogen occurred  only  
a t  the  su rface  o f  th e  sporophore w hile  mycelium ram ified  th ro u ^ o u t
P la t&  34 S ec tio n  th r o n g  scleroderm oid mushroom in fe c te d  w ith  
mutant o f  M. p e m ic io sa .
Upper photograph -  s u p e r f ic ia l  re g io n  o f  mutant
mycelium w ith  immature chlamydo­
spores ( x  700)
Lower photograph -  d is in te g ra te d  h o s t t i s s u e  w ith








th e  h o s t .  The in tim a te  r e la t io n s h ip  between th e  c e l l s  o f  h o s t
and pathogen was n o t d e sc rib e d .
Mycelium o f  M, p e m io io sa  was found a t  a  co n sid erab le  depth
in  host t is s u e  by Smith (1924.) who d escribed  a zonation  e f f e c t
c o n s is tin g  o f  an o u te r  th ic k  f e l t - l i k e  l a y e r  o f  p a r a s i t i c  hyphae
b earin g  chlamydospores and co n id ia  o v erly in g  a band o f dead h o s t
c e l l s .  Beneath s u p e r f ic ia l  la y e rs  a  zone o f  ex ten s iv e  p a r a s i t i c
mycelium was observed , which s ta in e d  dense ly  a t  th e  p e rip h e ry ,
suggesting  e x t r a c e l lu la r  enzymic a c t i v i t y .  Few hyphae o f  th e
pathogen were seen in  th e  c en tre  o f  in fe c te d  mushrooms. The
mycelium o f  M. n e m ic io s a  was d escribed  as  in te r c e l lu l a r ,  i n  some
eases ju s t  p e n e tra tin g  the c e l l  w a lls . In  a  l a t e r  s tudy  Chaze and
S araz in  (1936) desc rib ed  e]Q)anded p a r a s i t i c  hyphae which compressed
end k i l l e d  h o s t c e l l s .
To determ ine the n a tu re  o f  th e  p h y s ic a l r e la t io n s h ip  between
th e  c e l l s  o f h o s t and pathogen, the fo llow ing  methods were u s i^ .
Cubes o f t i s s u e ,  o f  s id e  0 .5  cm. were c u t from h e a lth y  and
d iseased  mu^room sporophores and f ix e d  in  form ol a c e t ic  a lcoho l
(if.0^ fo rm alin  13 ml, g la c ia l  a c e t ic  a c id  5 ml, 50^  e th an o l 200 ml)
fo r  tw enty fo u r hours in  a vacuum chamber, a f t e r  tw enty fo u r ho u rs
in  70^ a lco h o l th e  specimens were embedded in  'P a r a p la s t ' t i s s u e
embedding medium (m .p . 56 -  57 C) u s in g  an E l l i o t t  autom atic t i s s u e
p ro c e sso r programmed a s  fo llow s : -
85̂ 6 e th an o l 7 hours
e th an o l 8 hours
100^ e th an o l 2 hours
100^ e th an o l 2 hours
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1 : 1 m ixture o f  100^ e thano l and chloroform  2 hou rs
Chloroform i  hour
Chloroform ^  hour
Wax (P a ra p la s t)  1? hour
Wax ** t  hour
Wax blocks were sectioned, s e r i a l l y  u s in g  a R eich ert ro ta ry  
microtome.
An a l te rn a t iv e  embedding method u s in g  R ayester Wax (m .p. 37 -  
38 C) was a lso  employed. F ixed t is s u e  was p laced  in  each o f  ~J0̂ , 
85^ ,  95^ and two changes o f  100^ e th an o l f o r  twenty fo u r hours a t 
room tem perature and embedded in  wax a f t e r  twenty fou r hours in  
an equal m ixture o f ab so lu te  e th a n o l and wax a t  38 C. S ing le  
sec tio n s  on g la s s  s l id e s  were allowed to a i r  dry a t  room tempera­
tu re  and dipped in  a  so lu tio n  o f  c e llu lo se  n i t r a t e  in  a 1 : 1 
m ixture o f  abso lu te  e thano l and d ie th y l e th e r .  The same so lv en t 
was used to  remove th e  f ilm  a f t e r  the  s tra in in g  and dehydrating  
procedures had been completed p r io r  to  mounting th e  s e c tio n s .
Two main s t ia in in g  methods were used although mary were t r i e d  
in  an a ttem pt to  o b ta in  s e le c t iv e  s t r a in in g .  The method used most 
freq u e n tly  was the  P erio d ic  Acid S c h if f  technique (H otchk iss 1948) 
which s ta in ed  c e l l  w a lls  o f  mushroom and pathogen. C ell con ten ts 
were co u n tersta in ed  b lue  u s in g  0 .1^  c o tto n  blue in  la c to p h en o l.
T . m althousei and M. p e rn ic io sa i mycelium re ta in e d  more s ta in  w ith  
both  methods than  the mushroom sporophore c e l l s .  A lte rn a tiv e ly  a 
method suggested by  Stoedman (1968 p e rso n a l communication) in
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which the  sec tio n s  were s ta in ed  fo r  fo u r minutes in  an aqueous 
mixture o f  Procion red , C hlorantin  tu rquo ise  and C hlorantin  b lu e  
was used# C ell w a lls  s ta in ed  b lue and the cytoplasm red , patho­
genic mycelium again being  d if f e r e n tia te d  by a g re a te r  in te n s i ty  
o f sta in ing#
For th e  b e s t  r e s u l ts  sec tio n s  were cu t a t  15 bu^ unfor­
tu n a te ly  such sec tio n s  contained few complete mushroom c e lls#
Many o f  these c e l l s  from mushrooms a t  *cup* o r 'open* stage appeared 
to  be w ithout c e l l  c o n ten ts , presumably due to  th e  presence o f 
la rg e  vacuoles r e s u lt in g  from ra p id  expansion and w ater abso rp tion  
dlzring sporophore m atu ra tion . H ealthy t is s u e  (P la te  I 5) showed 
c e l l s  w ith  w ell s ta in ed  c e l l  w a lls , which were m ostly elongated 
and o rie n ta te d  randomly except near the  su rface  o f  th e  p ile u s  where 
they  were u su a lly  p a r a l le l  w ith the su rface .
Sections o f  sporophore t is s u e  from scleroderm oid mushrooms 
in fe c ted  w ith V. m althousei showed normal mushroom c e l l s  b u t no 
o rd e rly  arrangement near th e  su rface . Extensive in te r - c e l lu la r  
V. m althousei nycelium was observed (P la te  l6 ) but no evidence of 
any in t r a c e l lu la r  mycelium was o b ta in ed . Hb spo ru la tio n  o f 7 . m althousei 
was observed w ith in  h o s t t is s u e s .
Sporophore t is s u e  sec tio n s  from scleroderm oid mushrooms in fec ­
te d  w ith M. p e rn ic io sa  show host c e l l  w a lls  which, a l th o u ^  o f  sim i­
l a r  s iz e  a s  healthy  c e l l s ,  s ta in ed  l e s s  s tro n g ly  and appeared i r r e g ­
u la r  and incomplete in  o u t l in e .  This c e l l  w all damage and th e  
observed ra p id  decay o f in fe c te d  sporophores i s  in  marked c o n tra s t
P la te  15 S e c tio n  th rough le a l  th y  mushroom sporophore.
Upper pho tograph  -  showing r e l a t i v e l y  uniform  '
o r ie n ta t io n  o f  e lo n g a ted  mushroom 
c e l l s  n e a r  sporophore su rfa ce  ( x  lOOO)
Lower photograph -  showing more random o r ie n ta t io n  o f
l a r g e r  e lo n g a ted  mushroom c e l l s  





P l a t e  16 S e c tio n  th ro u g h  sc le ro d e rm o id  mushroom sporophore  
in f e c te d  w ith  V. m a lth o u s e i.
U pper ph o to g rap h  -  showing w e l l-d e f in e d  c e l l  w a lls
from t i s s u e  a d ja c e n t  to  sporophore  
su r fa c e  w i th  no ev id en ce  o f  u n i­
form  o r i e n t a t i o n  (x 250)
Lower p h o to g rap h  -  V . m a lth o u se i mycelium v i s i b l e  in
c o n ta c t  w ith  w e l l - d e f in e d ,  d i s ­
o rg a n is e d  mushroom c e l l s  w ith in  
th e  sporophore  (  X lOOO)
r
«  X -





to  th e  s i tu a t io n  in  mushrooms in fe c te d  w ith  V. m althousei where 
th e  h o s t c e l l  w a ll o u tl in e  remains c l e a r ,  w e ll-s ta in e d  and appears 
undamaged, suggesting th a t  c e l l  breakdown d o ^  no t occur# Host 
c e l l s  n ea r the su rface  o f  th e  scleroderm oid mushroom in fe c te d  w ith  
M# p e m ic ia s a  were a lso  d iso rgan ized  in  comparison w ith  the  h ea lth y  
sporophore (P la te  I? )*  E xtensive pathogenic mycelium was seen 
ram ifying between h o st c e l l s  bu t no in t r a c e l lu la r  mycelium was 
seen in  c o n tra s t  to the  o b servation  by  Smith ( 1924)# Production  
o f  co n id ia  took p lace  a t  th e  mushroom su rfa ce  bu t no t w ith in  d iseased  
t is su e #  Large numbers o f  chlamydo spores were seen a t  th e  mushroom 
su rface  and s i n ^ e  chlamydo spores were observed s c a tte re d  w iih in  
th e  in fe c te d  mushrooms# The expanded c e l l s  o f  M# nem iciosm  
described  by Chaze and S araz in  (1936) were n o t seen# Two o f  the  
z o n ^ ^ e sc rib e d  by Smith (l92if) were observed -  the  zone o f  spore 
production  ov erly in g  the invaded a rea  o f  u n d if fe re n tia te d  h o st 
tis su e#
d# Wild H osts o f V# m althousei and M# -pem iclosa,
Since very  l i t t l e  in fo rm ation  has been published  about th e  
n a tu ra l sources o r a l te rn a te  h o s ts  o f  V# m althousei and M, n e m ic io sa  
numerous fo rays were made in  1965, *66 and *67 to  c o l le c t  a wide 
range o f  p o te n t ia l  h o s t fu n g i from a v a r ie ty  o f  l o c a l i t i e s  in c lu d in g  
open g rasslan d , grazed p a s tu re , mixed deciduous woodland, con i­
fe ro u s  woodland and beech avenues# Some o f  th ese  lo c a tio n s  were 
near a la rg e  mushroom farm where bo th  d isea ses  were endemic# T issue
P la te  17 S ec tio n  th r o n g  scleroderm oid mushroom sporophore 
in fe c te d  w ith  M# n e m ic io sa .
Upper photograph -  showing zone o f  p a r a s i t i c
mycelium and spore p roduction  
on the su rfa ce  o f  d is in te g ra t io n  
sporophore t i s s u e  ( x  250)
Lower photograph -  showing damaged mushroom c e l l
w alls  from w ith in  the  sporophore 
w ith  ram ify ing  p a r a s i t i c  mycelium 









from specimens suspected o f  b e in g  p a ra s i t i s e d  was c u ltu re d  on 
m alt e x tra c t agar and sporophores were a lso  incubated  in  a damp 
chamber fo r  sev e ra l days f o r  exam ination. D irec t i s o la t io n  was 
attem pted where mycelium o r spores were seen on the specimens, 
Basidiomycete sporophores were c o lle c te d  from the fo llow ing 
areas
Ashton Gate woods, G lo u ceste rsh ire  
W estonbirt arboretum , G lo u ceste rsh ire  
Hanham woods, G lo u ceste rsh ire  
Longleat Park, W arminster, W iltsh ire  
Grazed p a s tu re . Combe Down, Bath
Woodland, p a stu re  and open g ra ss lan d , G laverton Down, Bath 
Woodland and open g rasslan d , B athford , Bath 
Grazed p a s tu re , Langford, Somerset 
Woodland, W rington, Somerset 
Woodland, Congresbury, Somerset 
Woodland, A scot, B erk sh ire  
The fu n g i is o la te d  from an ex ten siv e  range o f  basidiom ycete 
sporophores included Hycogone rosea  Link, Calc a id  snorium s o ,.  
Senedonium sp , and Chaetomium sp* V, m althousei o r  M, n e m ic io sa  
was n o t observed on o r  is o la te d  from a^y o f the specimens c o lle c te d  
suggesting  th a t  th ese  fung i may not p a r a s i t i s e  w ild  basidiom ycete 
sporophores to  any g re a t e x te n t .
21
4 .  SPORE DISPERSAL
The d is p e r s a i  o f  spores o f  V. m althousei and M. n e m ic io s a  
by  moving a i r  c u r re n ts  was assumed by  C o n stan tin  and Dufour (l8 9 2  b ) , 
Veihmeyer ( 1914) ,  Beach ( l9 3 7 ) . Wood (1958, I9 6 0 ), and Kneebone and 
Merek ( 1961) .  W atersp lash  spore d isse m in a tio n  was d iscu ssed , b u t 
n o t dem onstra ted , by Ware ( l9 3 3 ) .  Beach ( l9 3 7 ) ,  A yers and Lambert 
( 1955) and Kneebone and Merek ( 1961) ,  I n  1933, Ware re p o rte d  an 
a s s o c ia t io n  between spores o f  V. m althousei and in s e c t s ,  e s p e c ia l ly  
M ycetophilid  f l i e s  ( S c ia ra ) . th e  p o s s ib le  r o le  o f  f l i e s  b e in g  r e ­
em phasised by Beach (1 9 3 7 ), Wood (1958) and Kneebone and Merek 
(1961) ,  I n s e c t  d is p e r s a l  o f  M. n e m ic io s a  spo res was noted  a s  a 
p o s s i b i l i t y  by C o n stan tin  and D ufour(l892 b ) ,  V eihm eyer(l914),
C harles Lambert and Popenoe ( l9 2 8 ) . Beach^1937), Wood ( 196O) and 
Kneebone and Merek ( 1961) ,  D issem ination  o f spo res o f  bo th  pathogens 
by mushroom farm w orkers, implements o r contam inated  ® oil was 
d iscu ssed  by C o n stan tin  and Dufour ( l8 9 2  b ) ,  Veihmeyer ( 1934), Beach 
( 1937) ,  Ayers and Lambert (l9 5 5 ) and Kneebone and Merek ( 1961) w hile  
Smith ( 1924) considered  M. n e m ic io s a  was d is t r ib u te d  in  in fe c te d  
mushroom spawn. Experim ental ev idence su p p o rtin g  th e se  views i s  
la c k in g  w ith  th e  ex cep tio n  o f  Z oberi*s re p o r t  ( 1961) o f  wind d is p e r s a l  
o f  u n sp e c if ie d  sp o re s  o f  M. n e m ic io s a  from agar c u l tu re s  and th e  
dem onstration  by F ek e te  ( 1967) o f  human and m ite d is p e r s a l  o f  c o n id ia  
o f  V. m a lth o u se i.  D isp e rsa l o f  c o n id ia  by a irb o rn e  m ist d ro p le ts  
was r e p o r te d  by D avies (1959) f o r  V e r t io i l l iu m  a lb o -a tru m  b u t t h i s  
method has n o t been examined f o r  7 .  m a lth o u se i.
2 2
To e s ta b l i s h  the  methods o f  spore d is p e r s a l  o f  7 .  m a lth o u se i 
and M. p e m io io s a . wind, w a te rsp la sh , m is t, f l i e s  and c o n ta c t were 
examined as p o te n t ia l  d isse m in a tin g  a g e n ts . Dactylinm  dendro ides 
(B u il la rd )  F r i e s . ,  th e  im p e rfe c t s tag e  o f  Hypomyces r o s e l lu s  T u l .
( Fetch  1938) ,  which causes th e  s o f t  mildew o r  cobweb d ise a se  o f 
th e  c u l t iv a te d  mushroom ( R e f fs tra p  1953, b inden and H auser 1954) 
was in c lu d ed  in  some o f th e se  experim en ts.
a .  Wind D isp e rsa l o f  Spores
The r o le  o f  a i r  c u rre n ts  was examined as d e sc rib e d  by Z oberi 
( 1959) .  G lass tu b es  22 x  1 .8  cm. were f i t t e d  w ith  a  bung a t  one
end, h a l f  f i l l e d  w ith  m alt e x t r a c t  a g a r and s t e r i l i s e d  in  an
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au to c lav e  f o r  te n  m inutes a t  lO lb s / in  in  an u p r i ^ t  p o s i t io n .
A f te r  co o lin g , a  second s t e r i l e  bung was f i t t e d ,  th e  tu b es  b e in g  
l a i d  h o r iz o n ta l ly  to  a llow  th e  a g a r  to  s e t .  The bungs were removed 
and th e  ag a r s t r i p  c u t  to  give a  le n g th  o f  15 .5  cm. S t e r i l e  non- 
absozbent c o tto n  wool p lu g s  were f i t t e d  and th e  tu b es  h e ld  f o r  
th re e  days a t  24 C to  check f o r  co n tam in a tio n . Each organism  under 
t e s t  was in o c u la te d  a lo n g  the le n g th  o f  th e  a g a r s t r i p .  A f te r  7 - 1 4  
days o f  in cu b a tio n  a t  24 C each tube  was- mounted h o r iz o n ta l ly  and 
connected  to  a g la s s  im paction  chamber (c o n s tru c te d  from  an 8 .5  x  
3 .5  cm. s ta in in g  tu b e  w ith  a c u t ,  ta p e re d  c e n tr ifu g e  tu b e ) ,  a  
v e r t i c a l  f lo a t - ty p e  flow m eter, a  s c rew -c lip  r e g u la to r  and A u stin  
diaphragm a i r  pumps (F ig ,  l ) .
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F is . 1- Diagram o f  m inuature wind tu n n e l c u l tu re  
tu b e  and im paction  chamber
A m icroscope s l id e  smeared w ith  w h ite  p a r a f f in  j e l l y  was 
p laced  in s id e  th e  im paction  chaxober a s  shown, the  a ir - f lo w  b e in g  
tim ed w ith  a s topw atch . A fte r  t h i r t y  seconds the  s l id e  was removed, 
s ta in e d  in  0 . ] ^  c o tto n  b lu e  in  la c to p h en o l and scanned m ic ro sco p ie - 
a l l y  f o r  th e  p resen ce  o f  sp o re s . I f  la rg e  numbers o f  sp o re s  were 
p re s e n t ,  th e  numbers in  each o f  th re e  p redeterm ined m icroscope 
f i e l d s  were counted ; o th e rw ise  t h e i r  p resence  o r  absence was m erely  
re co rd ed .
Wind d is p e r s a l  o f  sp o res  from mushroom t i s s u e  was examined 
by re p la c in g  th e  a g a r  w ith  p ie c e s  o f  t i s s u e  o f  t o t a l  le n g th  10 cm. 
c u t  from th e  su rfa ce  o f  an in fe c te d  mushroom. I t  was arranged  
th a t  th e  p ie c e s  o f  t i s s u e  occupied  h a l f  th e  c ro s s - s e o t io n a l  a r e a
24.
o f  th e  tube* For D# d en d ro id es  1 cm* le n g th s  o f  mushroom t i s s u e  
were used* For th e s e  experim en ts, c o tto n  wool p lugs a t  th e  i n l e t  
end o f  the  specimen tu b e s  were n o t employed. C u ltu res  and d ise a se d  
t i s s u e  were examined m ic ro sco p ica lly  b e fo re  and a f t e r  exposure to  
th e  a i r  c u r re n t  to  check fo r  sp o re s . When c u l tu re s  o r  specimen 
tubes were changed, th e  im paction  chamber was c le a re d  o f  sp o re s  
u s in g  s e v e ra l  b l a s t s  o f  a i r .  Each tre a tm e n t was re p e a te d  th r e e  
tim es u s in g  f r e s h  c u l tu re s  o r  specim ens, a l l  experim ents be ing  
c a r r ie d  o u t a t  20 -  2k C and 30 -  4P^ r e l a t iv e  hum id ity .
Nine windspeeds over th e  range 1 .4  -  13 .0  m/seo were used 
w ith  7-day ag ar c u l tu re s  o f  V. m althousei b u t no co n id ia  were 
d e te c te d  on th e  s l id e s  in  any ex p erim en t. Chlamydo spores were blown 
from 14-day ag ar c u l tu r e s  o f  M. n e m ic io s a  by w indspeeds o f  2 .9  n /seo  
(T ab le  l )  w hile  c o n id ia  were d is lo d g ed  a t  3 .0  n /s e c  and above 
(T ab le  l ) .  Spores o f  D. dendro ides were removed from 13-day agar 
c u l tu re s  by windspeeds o f  1 .1  n /s e c  (T ab le  2 ) .
Windspeeds up to  10 .6  n /se c  a lso  f a i l e d  c o n s is te n t ly  to  
remove V. m althousei co n id ia  d i r e c t l y  from sporophores, b u t a  
few spo res were found adhering  to  p ie c e e  o f  p e a t d e b r is  d is lo d g ed  
a t  h i ^ e r  w indspeeds. However, mushroom b ag id io sp o rea  and o th e r  
spores were f r e q u e n tly  tra p p e d . Windspeeds up to  13 .0  s / s e c  were 
employed f o r  mushrooms in fe c te d  w ith  M. n e m ic io s a  w ith  s im ila r  
r e s u l t s ,  c o n id ia  and chlam ydospores b e in g  im pacted on th e  s l id e  
o n ly  in  a s s o c ia t io n  w ith  p e a t p a r t i c l e s .  Thus w h ile  spores a re  
r e a d i ly  d is lo d g ed  from c u l tu re s  o f  M. n e m ic io s a .  th ey  a re  n o t
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Table 1 Spores d isp e rse d  by  wind
from 14-day c u l tu re s  o f  M .p em io io sa
Windspeed Chlamydo- C onidia Windspeed Chlamydo- C onid ia
( n / s e c . )  spores ( n / s e c . )  ^ o r e s
0 .7  — — 0 .1  — -
I j j ,  -  -  0 .3  — -
2 .1  — — 0 .7  — —
2 .9  -  — 1*4 -  -
4#3 + -  2 .9  + -
5*7 + -  5*0 + ■*’
9*4 + +
Key + spo res observed  on s l id e s
-  spores absen t from s l id e s
T able 2  Numbers o f  co n id ia  d isp e rse d  by  wind 
from 13-d ay  c u ltu re s  o f  D. dendro ides
Windspeed No. c o n id ia  p e r  3 m icroscopic f i e ld s  T o ta l
(n /s e c )  S lid e  1 S lid e  2 S lid e  3
0*3 0 0 0 0 0 0 0 0 0 0
0*7 0 0 0 0 0 0 0 0 0 0
1*1 26 0 0 0 0 7 0 2  0 35
1*4 9 0 1 18 20 5 17 14 7 91
1 .8 24 6 8 0 15 16 15 9 5 98
2 .2 5 7 4 10 0 4 23 29 0 82
2*5 7 5 11 4  5 8 134 93 85 352
2*9 19 11 10 65 57 35 19 26 16 258
2é
removed d i r e c t l y  from in fe c te d  mushrooms by a i r  c u rre n ts  under
th e  c o n d itio n s  d e sc r ib e d . F le tc h e r  and G-mney ( 1969) a lso  f a i l e d
to  t r a p  spores o f  M. p e rn io io sa  from an a ir -s tre a m  d ire c te d  a c ro ss
beds c o n ta in in g  in fe c te d  mushrooms, ex cep t i n  a few in s ta n c e s
where sp o res  were removed w ith  d e b r i s .  The r e s u l t s  o f  s im ila r
work w ith  D. dendro ides a re  shown in  Table 3# in di c a t in g  d is se m in a tio n
Table 3 Numbers o f  c o n id ia  o f  D. d en dro ides
d isp e rse d  by  wind from  in fe c te d  mushrooms
Windspeed No . c o n id ia  p e r f i e l d  o f  view T o t J
( n / sec) S lid e  1 S lid e 2 S lid e  3
0 .7 0 0 0 0 0 0 0 0 0 0
1 .4 0 0 0 0 0 0 0 0 0 0
2 .2 0 3 3 0 4 1 0 2 1 34
2 .9 2 1 2 3 1 1 5 15 12 42
3 .6 3 4 2 18 14 7 5 0 1 54
6 .4 21 31 27 11 6 5 10 8 9 128
o f  c o n id ia  by w indspeeds o f  2 .2  n /s e c  and above.
Zoberi ( 1961) found f o r  Trichoderm a v i r id e  P e rs .  ex . F r i e s . ,  
which p o ssesses  slim e spo res s im ila r  to  V. m a lth o u se i. t h a t  d ry ing  
o f  spores f a c i l i t a t e s  wind d i s p e r s a l .  However f o r  V. m alth o u se i 
and M. n e m ic io s a . even when in fe c te d  mushrooms were exposed to  
a d ry  a ir -s tre a m  (305^ R .H .) a t  a  v e lo c i ty  o f  11.6  n /s e c  f o r  an 
extended p e rio d  ( t h i r t y  m in u tes), no spores were im pacted on the  
s l id e  ex cep t where a s so c ia te d  w ith  d is lo d g ed  d e b r is .  Thus th e
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o b se rv a tio n  by Z oberi ( l9 6 l )  f o r  T» v i r id e  t h a t  d ry in g  o f  sp o res  
f a c i l i t a t e s  wind d is p e rsa l  does not appear to  app ly  to  V. m althousei 
o r  M. n e m ic io s a .
The e f f e c t  o f  wind on c u l tu r e s  o f  M. n e m ic io s a  o f  v a ry in g  
ages was exam ined. Tube c u l tu re s  were in cu b ated  f o r  7» 14 and 
35 days and su b je c te d  to  a i r  v e lo c i t i e s  o f  up to  9 .4  n /s e c .  The 
r e s u l t s  o f  th e se  and re p e a t experim ents (T ab le  4 ) showed t h a t  th e  
manimum windspeed re q u ire d  to  remove chlam ydospores from  c u l tu re  
d ecreases  a s  th e  age o f  th e  c u l tu re  in c re a s e s , w h ile  th e  e f f e c t  
o f  c u ltu re  age on th e  wind d is p e r s a l  o f  c o n id ia  i s  much le s s  marked. 
T his e f f e c t  c o u ld  be due to  a  d ry ing  o f  th e  c u l tu r e s  o r  to  th e  b a sa l 
c e l l  o f  th e  chlemydo spore b reak in g  away from the  mycelium more 
r e a d i ly  when m atu re . In  a l l  o a se s  where c o n id ia  were im pacted 
on s l id e s  th e  numbers were sm a ll.
Thus la b o ra to ry  experim ents w ith m in ia tu re  wind tu n n e ls  
in d ic a te  th a t  d i r e c t  removal o f  V. m althousei and M. n e m ic io s a  
spo res from  in fe c te d  mushroom sporophores in  growing houses i s  
n o t ach ieved  by wind c u r r e n ts .  The aerodynamic p ro p e r t ie s  o f  the 
ap p ara tu s  appear s a t i s f a c to r y  s in ce  la rg e  numbers o f  sp o re s  o f  
D. d en d ro id es . mushroom b a s id io sp o re s  and spo res o f  P é n ic ill iu m  sp . 
(u sed  as a  t e s t  organism ) were im pacted on th e  s l id e  t r a p s .  Spores 
o f  V. m althousei and M. n e m ic io s a  however, can  be a s s o c ia te d  w ith  
m oist p e a t  and d e b r is  blown from in fe c te d  mushrooms, b u t  o n ly  a t  
h ig h  w indspeeds, f a r  h ig h e r  th an  u s u a lly  encoun tered  in  a  mushroom 
growing house , even w ith  fo rce d  v e n t i l a t io n .  T h is mode o f  in d i r e c t
28
Table 4  Wind D isp e rsa l o f  M. -p em io iosa
spores from c u l tu re s  o f  v a ry in g  agea
C u ltu re  Windspeed Chlamydo- C onidia Windspeed Chlamydo- C onid ia



















































Key + Spores im pacted on s l id e
-  No spores observed  on s l id e
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wind d is p e r s a l  i s  however ep idem iologic a l l y  im p o rtan t, f o r  p e a t 
a id  d e b ris  contam inated  w ith  c o n id ia  o f  V. m a lth o u se i. idiich 
has d r ie d  o u t can accum ulate in  d u s t on th e  growing house f l o o r  
and be d issem in a ted  to  con tam inate  th e  mushroom farm  s i t e .  Good 
hygiene i s  th u s  n ece ssa ry  to p re v e n t th e  b u ild -u p  o f  windblown 
d u st and d e b r is  c a r ry in g  spo res o f  th e se  pathogens.
b .  W atersp lash  D isp e rsa l o f  S pores
To in v e s t ig a te  the  r o le  o f  w a te rsp la sh  i n  spore d is p e r s a l ,  
e ig h teen  m alt agar p e t r i - d i s h e s  were a rranged  around s p o ru la t in g  
c u l tu re s  o f  V. m a lth o u se i. M. P e m ic io s a  o r  D. dendro ides o r  
a p p ro p ria te  in fe c te d  mushrooms as  shown in  F ig u re  2 .
©©
©©®©©©QO@®©®®©©
F ig . 2 Diagram o f arrangem ent o f  p e t r i - d i s h e s
f o r  w a te rsp la sh  ex p erim en ts.
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A fte r  rem oval o f  a l l  p e t r i - d i s h  l i d s ,  s ix ty  d rops o f  w a te r  a t  th e  
r a t e  o f  one drop p e r  second were allow ed to  f a l l  a  d is ta n c e  o f  
73 cm. from a b u r e t te  h e ld  d i r e c t ly  above th e  c u l tu re s  o r  in fe c te d  
mushroom sporophores. Follow ing in c u b a tio n  f o r  s e v e ra l d ^ s  a t  
24 C th e  c o lo n ie s  which developed were counted  (T ab les  3 and 6j j
TsSile 5 W atersp lash  d is p e r s a l
o f  spores from c u ltu re s
P la te  No. Numbers o f  C olonies Developed
(See F ig .  2) T . m althousei M. p e rn ic io sa  D. dendro ides
1 a a 0
2 a 0 1
3 4 1 2
4 26 3 12
5 60 14 76
6 136 46 97
7 244 73 90
8 280 62 92
9 249 51 93
10 241 58 113
11 230 63 102
12 282 60 88
13 344 31 125
34 48 15 51
15 4 0 12
16 0 0 0
17 0 0 1
18 0 0 0
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T able  6 W atersp lash  d is p e r s a l  o f  ^ o r e s
from in fe c te d  mushroom sporophores
P la te  No. Numbers o f  C olonies Developed
(b ee  F ig .  2) V. m althousei M. p e rn ic io sa  D. den d ro id es
1 0 0 0
2 0 3 0
3 1 1 +
4 11 10 +
5 29 23 +
6 84 33 +
7 210 29 +
8 237 + +
9 244 39 +
10 204 37 +
11 215 26 +
12 198 24 +
13 80 22 +
14 36 2 +
15 6 3: +
16 1 1 +
17 0 0 0
18 0 0 0
Key + C olonies p re s e n t  b u t n o t counted  due to  b a c t e r i a l  
con tam in atio n .
F ig  3> P la te  1 8 ) .  The r e s u l t s  showed th e  e f f e c t  ̂ d is p e rs a l  o f  
spores by  w a te rsp la sh  from  b o th  c u l tu r e s  and in fe c te d  mushroom 























S s i Organism Source
e V. m althousei C u ltu re
0 V. m althousei Mushroom
■ M. p e rn ic io sa C u ltu re
□ M. p e m ic io s a Mudiroom
▲ D. dendro ides C u ltu re
10 20 30 4.0 50 60 70
Mean D istance  from inoculum (cm)
F i  g , 3 Mean numbers o f  c o lo n ie s  developed from sp o re s  o f  
V. m a lth o u se i. M. p e m ic io sa t and D. dendro ides 
d isp e rse d  by w a te rsp la sh .
P la te  No. 18 D em onstration o f  co lo n ie s  growing on m alt agar 
r e s u l t in g  from w a te rsp la sh  d is p e r s a l  o f  
V. m althousei from an in fe c te d  mushroom 
sporophore p laced  a t  Z .
W A T E R S P L A S H  D I S P E R S A L
V E R T IC IL L IU M  MALTHOUSEI 
IN FE C TE D  MUSHROOM
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s t r a te d  under eommeroial c o n d itio n s  by  in o c u la t in g  a c e n t r a l  a re a  
o f  two mushroom boxes each  3 z  2 f t .  w ith  sp o res  o f  V . m a lth o u se i. 
W atersp lash  d is p e r s a l  produced la r g e  numbers o f  in f e c te d  sporophores 
o u ts id e  th e  in o c u la te d  a re a , w h ile  o n ly  h e a lth y  mushrooms were 
produced on th e  o th e r  box where w a te rsp la sh  d is p e r s a l  was p rev en ted .
W atersp lash  i s  th u s  a  ve ry  e f f i c i e n t  method o f  lo c a l is e d  
d is p e r s a l  from in fe c te d  mushrooms f o r  V. m a lth o u se i and M. p e m ic io s a . 
On farm s where w a te rin g  i s  c a r r ie d  o u t f r e q u e n t ly ,  w a te rsp la sh  i s  
p robab ly  th e  main method o f  lo c a l  d is p e r s a l ,  w a ter d ro p le ts  b e in g  
d i s t r ib u te d  i n  th e  main to  in d iv id u a l o r  a d ja c e n t t r a y s .  However, 
spores co u ld  be sp lashed  to  th e  f lo o r  where th e y  co u ld  be dissem­
in a te d  much g re a te r  d is ta n c e s  in  a s s o c ia t io n  w ith  d u s t p a r t i c l e s .
The im p lic a tio n s  fo r  commercial growing p r a c t ic e  a re  th a t  w a terin g  
should  b e  done o n ly  a f t e r  d isea sed  mushrooms have been removed o r  
i s o la te d .
c .  D isp e rsa l o f  Spores o f  V. m althousei by  A irborne  
W ater D ro p le ts .
D avies ( l9 5 9 )  re p o rte d  t h a t  c o n id ia  o f  V e r t io i l l iu m  a lb o -  
atrum and CladosTX>rium sp . were detached  and c a r r ie d  by a m is t o f  
m inute w a te r  d ro p le ts  suspended i n  a  moving a irs tre e m  p a ss in g  o v er 
c u l tu r e s .  M ist p ick -u p  was co n sid e red  t o  d i f f e r  from  th e  d ro p le t  
sp la sh  mechanism b u t no c le a r  ex p erim en ta l d i s t i n c t io n  betw een 
th e se  p o s s i b i l i t i e s  were made. D isp e rsa l o f  c o n id ia  o f  C e rco sn o re lla - 
h e ro o tr ic h o id e s  from in fe c te d  s traw s by s im i la r  a irb o rn e  w a te r 
d ro p le ts  was a ls o  demonstratbdLi by G-lynne (1953)»
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To in v e s t ig a te  th e  e f f ic ie n c y  o f  t h i s  method f o r  V. m a lth o u se i 
P e ten k o fe r tu b es  43 cm. i n  le n g th , w ith  h a l f  th e  c ro s s -s e c tio n e d  
a re a  o f  th e  s t r a ig h t  p a r t  o f  th e  tube f i l l e d  w ith  m alt e x t r a c t  
a g a r , were in o c u la te d  a t  th e  a i r  i n l e t  end to  produce a  colony  
5 cm lo n g . These c u l tu r e s  were in v e r te d  w ith  th e  a i r  o u t l e t  end 
10 cm. above th e  i n l e t  end. A f te r  removing th e  c o tto n  wool p lu g s , 
a i r  a t  a  v e lo c i ty  o f  2 n /s e c  was drawn th rough  th e  tu b e  v ia  a 
flow m eter and re g u la t io n  va lve  by vacuum pump. A w ater a to m ise r 
nozzle was p laced  n ea r th e  mouth o f th e  tube  and o p e ra ted  f o r  
0 .3  seconds, s ix  tim es  in to  th e  a ir s t r e s m . In  an o th e r tre a tm en t 
th e  a to m izer was p laced  30 cm. from th e  mouth o f  th e  tu b e . C o n tro l 
tre a tm e n ts  were c a r r ie d  o u t u s in g  an empty a to m ize r , a l l  tu b e s  
b e in g  in cu b ated  i n  s i t u  f o r  s e v e ra l d ay s . W ater d ro p le t  d iam e ters  
were measured by the method o f  Rose (19^3) and c o l le c te d  f o r  t h i s  
purpose on a m icroscope s l id e  covered w ith  s o f t  g rease  (24^ 
petro leum  j e l l y  and !&/<> l iq u id  p a r a f f in ) .  Care was tak en  to  p re v e n t 
frag m en ta tio n  o f  d ro p le ts , and a  th in  la y e r  o f  l iq u id  p a r a f f in  was 
added ra p id ly  to  minimize e v a p o ra tio n . U sing a c a l ib r a te d  eyep iece  
m icrom eter, th e  d iam eters  o f  100 d ro p le ts  s e le c te d  a t  random were 
measured, th e  range o f  d ro p le t  s iz e  b e in g  19 .3  -  198.4 (mean 127 
which i s  w ith in  th e  range 8 -  210 ju recorded  by D avies ( l9 5 9 ) .
I n  th e  f i r s t  tre a tm e n t a  la rg e  number o f  co n flu e n t V. m alth o u se i 
co lo n ie s  appeared on th e  unoolonized  a g a r b u t  th e  numbers o f  c o lo n ie s  
were reduced in  th e  second tre a tm e n t. I n  th e  absence o f  w a ter drop­
l e t s ,  no d is p e r s a l  o c c u rre d . The r e s u l t s  a re  s im ila r  to  th o se  o f
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D avies (1959) fo r  V. a lb o -a tru m . b u t cou ld  be ex p la in ed  by  la rg e  
m ist d ro p le ts  d is p e rs in g  sp o res  by im p ac tio n . W ater d ro p le ts  i n  
fog  have a mean d iam eter o f  8 ju and a maximum o f  22 p (K e ily  
1963) .  S ince d ro p le ts  l e s s  th a n  10 p  d iam eter w i l l  no t s e t t l e  
out o f  a i r  w h ile  th o se  o v e r 23 p  c o n s is te n t ly  do so ( P o t ts  194-6), 
an experim ent was designed  to  examine th e  e f f e c t  o f  d ro p le ts  o f  
th i s  o rd e r  o f  s iz e  in  a  moving a irs tre a m  on th e  d is p e r s a l  o f  
V. m althousei from c u l tu r e s .
an  ap p ara tu s  was co n s tru c te d  to  produce an a i r  suspension  
o f  w a ter d ro p le ts  by a e r i a l  condensa tion  ( F ig .  4-) • an  o i l - f r e e  
diaphragm pump was used  to  d r iv e  la b o ra to ry  a i r  t h r o u ^  a p re f  
c o o le r  c o n s is t in g  o f  8 m. g la ss  and ru b b er tu b in g  fro ze n  in  ic e  
a t  approx im ately  -20 C, downwards th rough  th e  c o i l s  o f  a condenser 
t h r o u ^  which c i r c u la te d  30^ e th an o l a t  -13  C. The a i r  em itted  
a t  -10 C was mixed w ith  steam a t  100 C in  an 8 L g la s s  a s p ir a to r  
submerged in  ic e  and w ater a t  0 C. The r e s u l ta n t  condensa tion  
produced an a e ro so l o f  f in e  d ro p le ts  a t  20 C. an  a tte m p t was made 
to  measure th e  d iam eters  o f  th e se  d ro p le ts  u s in g  th e  p a r a f f in  
tech n iq u e  o f  Bose ( 1963) b u t com plete e v ap o ra tio n  to o k  p la ce  
b e fo re  th e  p a r a f f in  could be added. Comparing th e  ev ap o ra tio n  
r a t e s  observed  w ith  th e  sm a lle r  o f  th e  uncovered d ro p le ts  o b ta in ed  
from the  a tom izer i t  was assumed th a t  th e  d iam eters  o f  th e  evapor­
a te d  d ro p le ts  were p robab ly  l e s s  th a n  19 .3  p., th e  s m a lle s t s iz e  
reco rd ed  f o r  a to m izer d r o p le ts .  The m is t was d ire c te d  t h r o u ^  









































and tw enty  m inutes i n  d u p lic a te  and c u l tu re s  were re in c u b a te d  in  
s i t u  as befo re#  a. maximum f lo w - ra te  over th e  c u l tu r e s  in  th e  
tu b es  o f  0 .7 7  : / s e c  was ach ieved  w ith  t h i s  a p p a ra tu s . I n  a n o th e r 
s im ila r  experim ent a  seven day p la te  c u l tu re  o f  V. m althousei 
was h e ld  n e a r th e  wide o u t l e t  tube  o f  th e  co n d ensa tion  chamber 
a llo w in g  th e  stream  o f  d ro p le ts  to  sweep th e  colony and to  im pact 
on a n o th e r a d ja c e n t d is h  o f  m alt e x t r a c t  a g a r .  No spo res were 
d is lo d g ed  by  any trea tm en t in d ic a t in g  th a t  tru e  m ist d is p e r s a l  
d oes n o t o p e ra te  f o r  V. m a lth o u se i, th e  mechanism o f  d is p e r s a l  
observed  u s in g  th e  l a r g e r  w a ter d ro p le ts  produced by the  a tom izer 
b e in g  p robab ly  w a te rsp la sh .
d . The Role o f  F l i e s  in  Spore D isu e rse l
Specimens o f  th e  mushroom f l i e s  M egaSelia h a l t e r a t a  Wood 
and L eu tocera  h e teroneu ra . H a llid a y , c o l le c te d  from  W rington 
V ale N u rs e r ie s , Congresbury, Som erset, were e i th e r  in tro d u ce d  
in to  m alt a g a r c u l tu re s  o f  V» m alth o u se i o r  M. p e m ic io s a  o r  
allow ed to  a l i ^ t  on f r e s h ly  p icked  in fe c te d  mushrooms. A f te r  
f iv e  m inutes, th ey  were removed, s ta in e d  w ith  0 .1 ^  c o tto n  b lu e  
in  la c to p h en o l and examined m ic ro sco p ica lly  fbr  th e  p resen ce  o f  
sp o re s . A ll  f l i e s  exposed to  V . m alth o u se i had c o n id ia  ad h erin g  
to  w ings, l e g s ,  th o ra x , abdomen and head ( P la te  19) and fo llo w in g  
subsequent in cu b a tio n  o f  f l i e s  in  m alt a g a r  p la te s  f o r  s e v e ra l  days 
a t  24 C, many c o lo n ie s  o f  V# m althousei developed. Chlamydospores 
and c o n id ia  o f  M. p e m ic io s a  were seen  on wings and abdomen o f
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f l i e s  a s so c ia te d  w ith  c u l tu re s  ( P la t e  20) b u t o n ly  c o n id ia  were 
seen  on specimens p laced  on in fe c te d  mushrooms* The numbers o f  
V* m althousei co n id ia  observed  on f l i e s  w ere g re a te r  th a n  f o r  
M, p e m ic io s a  spores*
In  la b o ra to ry  experim ents f l i e s  exposed to  d isea sed  and 
h e a lth y  mushrooms in  c lo sed  c o n ta in e rs  su ecess fU lly  tra n s m itte d  
in fe c t io n  by 7* m althousei and M. p e m io io s a * P l i e s  c o l le c te d  
from a mushroom farm  where 'd r y  b u b b le ' d is e a se  was endemic cou ld  
a lso  tra n sm it V* m althousei to  h e a lth y  sporophores undeÿ la b o ra ­
to r y  c o n d itio n s , b u t f l i e s  from growing houses in fe c te d  w ith  
M* p e m ic io se i f a i l e d  to  tra n s m it th e  d is e a s e  su g g es tin g  th a t  
in s e c t  tra n sm iss io n  i s  much l e s s  e f f i c i e n t  f o r  M. p e m ic io s a  th a n  
f o r  V* m a lth o u se i and i s  p o s s ib ly  a r e f l e c t io n  o f  th e  r e l a t i v e  
numbers o f  spores o f  the  two pathogens p re v io u s ly  observed  on th e  
bo d ies  o f  mushroom f l i e s *  Spores o f  th e  fo rm er p robab ly  adhere 
by lo d g in g  o n ly  w hereas c o n id ia  o f  V* m althousei a re  b e t t e r  adap ted  
to  c o n ta c t d is p e r s a l  due to  the  p resence  o f  mucilage* C onidia o n ly  
were observed  on f l i e s  a s s o c ia te d  w ith  mushrooms in fe c te d  w ith  
M* p e rn ic io sa i p ro b ab ly  because th e y  a re  more e a s i l y  detached  th a n  
chlam ydospores*
The use o f  f l y  screen s  in  fo rce d  v e n t i l a t io n  system s and th e  
p ro p er use o f  in s e c t ic id e s  to  c o n tro l  the f l y  p o p u la tio n s  on farm s 
i s  th u s  e s s e n t ia l  to  c o n tro l  th e  d is e a se s  caused  by V* m althousei 
and M. p e m io io s a *
P l a t e  19 V* m a lth o u se i c o n id ia  and mushroom b a s id io s p o re s  
ad h erin g  to  th e  wing o f  a  mushroom f l y  (X  lOOO)
P la t e  20 M. n e m ic io s a  chlam ydospore a d h e rin g  to  th e  wing 
o f  a  mushroom f l y  exposed to  a  c u l tu r e  o f  th e  
p a r a s i t e ,  ( x  2^0)
*r. / /T f ¥
4  J//
y ;S :l 1/ .
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e# Human Transm ission o f  Snores
D isp ersa l o f spores and in fe c t io n  o f  mushrooms by th i s  means 
has long  been assumed and has re c e n tly  been dem onstrated fo r  
V, m althousei by Fekete ( 196?) • C o n fim atio n  o f  th ese  observa­
t io n s  was^ o b ta ined  by making f in g e r  im p rin ts  o f  mushrooms 
in fe c te d  w ith  7 . m althousei o r  M, p e rn io io sa . on quadrants o f  25 
d ishes o f  m alt e x tra c t  agar by touching them s e r i a l l y .  A f te r  
in cu b atio n  f o r  sev e ra l days, a l th o u ^  some co lo n ie s  o f  M. p e m io io sa  
were h eav ily  contam inated w ith  b a c te r ia ,  a l l  100 im prin ted  a reas  
produced c o lo n ie s  o f  7 .  m althousei o r  M. nern ic iosa t. Thus good 
standards o f  hygiene on th e  p a r t  o f  mushroom farm workers are  
e s s e n t ia l  to  achieve c o n tro l o f  th ese  d is e a s e s .
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5 . BHtAVIOTJR IN CASING MATERIALS
C om paratively l i t t l e  d e ta i l e d  work has been  done on th e  b eh av iou r 
in  th e  c a s in g  o f  7 ,  m a lth o u se i and M, p e m io io s a , C o n stan tin  ( 1892b) 
observed  th e  reo ccu rren ce  o f  ' l a  m ole' d isea se  in  a d isu sed  mush­
room cave l e f t  i d l e  f o r  th re e  y ears  and a t t r i b u t e s  t h i s  to  th e  
s u rv iv a l o f  M, p e rn io io sa  w ith in  th e  cave.. However, p re c a u tio n s  
to  p rev en t reco n tam in a tio n  w ere n o t re c o rd ed , 7eihm eyer ( l9 1 4 ) 
dem onstrated  t h a t  compost and c a s in g  from a growing house b ad ly  
in fe c te d  w ith  M, p e rn io io sa . exposed to  th e  w eather f o r  f iv e  y e a r s ,  
f a i l e d  to  induce d is e a se  when mixed w ith  f r e s h  com post. F o r 
7 ,  m a lth o u se i. Beach ( l9 3 7 )  re p o r te d  th a t  c u l tu re s  on a g a r m edia 
l o s t  t h e i r  v i a b i l i t y  t h r o u ^  d e s ic c a tio n  in  approx im ately  s i r  
months, w h ile  F ekete  (196?) showed th a t  c o n id ia  d id  n o t su rv iv e  
seven months d ry  s to ra g e . While s tu d ie s  on spore  germ ina tion  o f  
b o th  organism s have been made in  p u re  c u l tu re  (bm ith  1924, Ware 
1933, Chase and S a ra z in  1936, Fekete  1967) and s t e r i l i s e d  s o i l  
(bm ith  1924 , Treschow 1 9 4 l) , no o b se rv a tio n s  have been made on th e  
g erm ina tion  and growth o f  th e se  organism s th r o u ^  u n tre a te d  s o i l  
o r  p e a t .
The method most f r e q u e n tly  u sed  by  p rev io u s  in v e s t ig a to r s  f o r  
experim en ta l in o c u la t io n  o f  mushrooms w ith  7 ,  m althousei was to  
seed th e  su rfa c e  o f  th e  c a s in g  w ith  a spore  suspension  (Ware 1933, 
Ayers and Lambert 1955, Poppe I 967) -  a  method which produced th e  
f u l l  range o f  symptoms. C o n tac tin g  th e  p i le u s  o f  a h e a lth y  mushroom
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w ith  a d isea sed  sporophore produced s p o t t in g  symptoms o n ly  (Ware 
1933, Treschow 1941, F eke te  196?)• E xpérim ental in fe c t io n  o f  
mushrooms by M, -pem io iosa  was u s u a lly  o b ta in ed  by  s p r in k lin g  a 
spore suspension  of th e  pathogen on th e  c a s in g  su rfa c e  (S m ith  1924, 
Lambert 1930, Ayers and Lambert 1955, G aribova 1968, F le tc h e r  and 
Ganney 1969) • Under commercial c o n d itio n s , contam inated  mushroom 
^aw n  was b e lie v e d  by Veihmeyer (1924) to  be ihe  m ajor source o f  
in f e c t io n ,  M. p e m io io s a  subsequen tly  growing up through th e  c as in g  
w ith  mushroom mycelium to  i n f e c t  th e  young sporophores. However 
p a r a s i t i c  mycelium could  n o t be i s o la te d  from  spawnrrun com post.
T his was confirm ed by  üm ith ( 1924) who found no evidence o f  th e  
p resence  o f  M, n e m ic io sa t below th e  le v e l o f  th e  s o i l  c a s in g  i n  
in fe c te d  b e d s  ex cep t in  one in s ta n c e  where a heavy in o c u la t io n  o f  
spores had been  p laced  i n  th e  low er l ^ e r s  o f  th e  e a s in g . From 
th e se  o b se rv a tio n s  Smith ( 1924) suggested  th a t  M, n e m ic lo s a  a tta c k e d  
th e  young mushrooms from th e  c a s in g  s o i l  and t h a t  th e  tim e  o f  in fe c ­
t io n  determ ined th e  type o r  s e v e r i ty  o f  th e  symptoms. These ob­
se rv a tio n s  were supported  by F ]e tc h e r  and Ganney (1969) who no ted  
an in te r v a l  o f  approx im ate ly  th i r t e e n  days betw een in o c u la tio n  and 
symptom p ro d u c tio n . I t  i s  in te r e s t in g  to  n o te  t h a t  th e  brown s ta in s  
o f  th e  c u l t iv a te d  mushroom a re  n o t considered  su sc e p tib le  to  in fe c ­
t io n  by  M, p e m io io s a  (G aribova 1968) ,
Experim ents d e sc rib e d  below were c a r r ie d  o u t to  in v e s t ig a te  
th e  b eh av iou r o f  7 ,  m althousei and M, n e m ic io s a  in  s o i l  and p e a t 
c a s in g  m a te r ia ls .  The work i s  concerned w ith  s u rv iv a l ,  spore
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germ in a tio n , m y celia l growth and mushroom in fe c tio n *
a* S u rv iv a l o f Spores
Spore s u rv iv a l f o r  V* m alth o u se i was determined, i n  c a s in g  
m a te r ia ls  in  r e l a t i o n  to  t h e i r  subsequent c a p a c ity  to  i n f e c t  mush­
rooms. The mean maximum w ate r-h o ld in g  c a p a c i t i e s  o f  p e a t and s o i l  
ca s in g s  was found to  be 116^ and 4 ^  r e s p e c t iv e ly  u s in g  th e  method 
o f  Keen and Raczkowski ( l9 2 l )*  M r -d r ie d  p e a t  and s o i l  c a s in g s  
were made up to  $0^ o f  t h e i r  maximum w a te r-h o ld in g  c a p a c ity  w ith  
a su spension  o f  co n id ia  from 7-day  m alt e x t r a c t  ag ar c u l tu re s  o f  
V* m althousM . A haemocytometer was used  to  determ ine  ih e  con­
c e n tr a t io n s  o f  spo re  su sp en sio n s  and th e  f in a l  numbers o f  spo res 
in  ca s in g  m a te r ia ls  were 4•87  % 10^ p e r  g a i r - d r i e d  p e a t and 
2.73 X 10^ p e r g a i r - d r ie d  s o i l .  In o c u la te d  p e a t and s o i l  ( 25O g 
and 500 g re s p e c t iv e ly )  w ere p laced  in  t h i r t y  u n p e rfo ra ted  p la s t i c  
flow er p o ts  equipped w ith  l o o s e - f i t t i n g  l i d s  and were s to re d  in  
the  growth room a t  15 -  18 C and 70 -  95^ r e l a t i v e  h u m id ity . Con­
t r o l  tre a tm e n ts  c o n s is t in g  o f  t h i r t y  p o ts  each  o f  p e a t and s o i l  
made up to  th e  same w ater c o n te n t w ith  d i s t i l l e d  w ater were s to re d  
in  a  s im ila r  manner. W ater lo s s  was made good by  p e r io d ic a l ly  
b r in g in g  th e  p o ts  back to  t h e i r  o r ig in a l  w eight by adding  d i s t i l l e d  
w a te r . To check th e  v i a b i l i t y  o f  sp o res  added to  p ea t and s o i l ,  
a p o r t io n  o f  ihe  spore  suspension  was in cu b ated  f o r  f i f t e e n  h o u rs  
a t  24 C on # a l t  e x t r a c t  a g a r  and u s in g  th e  method d e sc rib e d  l a t e r ,  
th e  p e rcen tag e  g erm in a tio n  was found to  be 93#6^.
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At in t e r v a l s ,  two p o ts  from  each tre a tm e n t were removed and 
used  to  c a se  spawn-run compost in  te n  f ib r e  flo w er p o ts  in  th e  growth 
room. M oisture was added to  th e  c a s in g s  by th e  c a p i l la r y  w a te r in g  
system  and th e  numbers o f  p o ts  p roducing  on ly  h e a lth y  o r  d isea sed  
mushrooms o r  b o th  was re c o rd ed , (T ab le  7 ) ,  to g e th e r  w ith  th e  ty p e  
o f  symptoms produced (T ab le  8 ) .  U ninocu lated  c o n tro l  tre a tm e n ts  
grew on ly  h e a lth y  mushrooms excep t on two se p a ra te  occasions when 
a s in g le  mushroom was s u p e r f i c i a l l y  in fe c te d .
The r e s u l t s  dem onstrate  t h a t  V. m althousei c o n id ia  rem ain 
v ia b le  and in f e c t iv e  in  m oist c a s in g  m a te r ia ls  f o r  a co n s id e ra b le  
p e r io d  -  a t  l e a s t  n in e ty  th re e  weeks in  p e a t and seven ty  e i ^ t  
weeks i n  s o i l  under th e  c o n d itio n s  o f  th e  experim en t, th e  d i f f ­
e rences b e in g  p o s s ib ly  due to  th e  d i f f e r e n t  s to ra g e  media o r  to  
th e  g re a te r  nuiqber o f  spores in o c u la te d  in to  th e  p e a t .  H i ^  i n i t i a l  
numbers o f  c o n id ia  i n  th e  c a s in g  r e s u l t s  in  th e  scleroderm oid  syn­
drome, which g iv es  way to  th e  sm all cap , sw ollen  s t ip e  and f i n a l l y  
c a p -sp o ttin g  o r  h a r e l ip  d e fo rm itie s  as th e  number o f  v ia b le  sp o re s  
i s  red u ced .
U sing 4#1 X 10^ chlaDçrdospores and 4#0 x 10^ c o n id ia  o f  
M. p e rn ic io s a  p e r  g d ry  w eight o f  p e a t c a s in g  m a te r ia l o r  
9 .7  X 10^ c o n id ia  o n ly  from th e  m utant, s im ila r  in f e c t io n  assay s  
were c a r r ie d  out in  a  c a b in e t in  th e  la b o ra to ry  a t  20 -  25 C, over 
a tw enty  fo u r  week p e rio d  (T ab le  9) • C on tro l p o ts  produced o n ly  
h e a lth y  mushrooms. M ixtures o f  M. p e m io io s a  spores su rv iv e  a t  
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in f e c t  mushrooms by week tw en ty  fo u r .  S ince c o n id ia  o f  p a re n ta l  
and m utant c u l tu re s  p ro b ab ly  have s im ila r  su rv iv a l p o te n t ia l ,  the  
long -term  su rv iv a l o f  M. p e m io io s a  i s  th u s  v ia  the  chlamydo sp o re .
T ab le  9 Numbers o f  p o ts  p roducing  d iseased  
o r  h e a lth y  mushrooms w ith  c a s in g  
m a te r ia l  in o c u la te d  w ith  M. p e rn ic io sa  o r  m utant
S u rv iv a l
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b .  G erm ination o f  Spores
( i )  G eneral Methods 
Spores were h a rv ested  from 7-day  m alt e x t r a c t  ag a r c u l tu re »  
grown a t  24 G by shaking  w ith  w a te r and g la s s  b eads o r  by u s in g  
j e t s  o f  w a te r  ffom a p ip e t te ,  any mycelium be ing  removed by f i l ­
t r a t i o n  t h r o u ^  g la s s  wool# When re q u ire d , sp o res  were washed by 
c e n tr i fu g a t io n  a t  5OOO rpm# f o r  f iv e  m inutes, resuspended in  d is ^
t i l l e d  w a te r and re c e n tr ifu g e d , th e  f i n a l  su spension  b e in g  a d ju s te d
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w ith  d i s t i l l e d  w ater to  a c o n c e n tra tio n  o f  5 x  10 spo res p e r  ml#
I f  th e  spores were to  be mixed w ith  o th e r  s o lu t io n s ,  a p p ro p r ia te  
h ig h e r  numbers were u sed  to  g iv e  th e  same f i n a l  co n cen tra tio n #
A ll ^ a s sw a re  used  was w ashed, soaked in  'Decon* f o r  tw elve 
to  tw enty  fo u r  h o u rs , g iven  s e v e ra l  r in s e s  in  ta p , th en  d i s t i l l e d  
w a te r and d r ie d  i n  an oven# M icroscope s l id e s  were b o ile d  i n  
*Decon* f o r  t h i r t y  m inutes and s im i la r ly  r in s e d ,  d r ie d  and s to red #  
B efore u se , th e  s l id e s  were washed in  runn ing  ta p  w ater f o r  s e v e ra l  
h o u rs , r in s e d  in  s e v e ra l changes o f  d i s t i l l e d  w a te r  and a i r - d r i e d  
in  an oven.
In c u b a tio n  chambers were c o n s tru c te d  from c r y s t a l l i s i n g  d ish e s  
p la ce d  over in v e r te d  p e t r i - d i s h  l i d s  co n ta in in g  m oist f i l t e r  paper#
One d ro p le t  o f approx im ate ly  0 .03  ml# spore  suspension  was p laced  
a t  each end o f  a  g la s s  m icroscope s l id e  supported  on a g la ss  'T7* 
tu b e . A f te r  s e a lin g  the  chambers w ith  w a ter th e  spo res were in cu b ated  
a t  20 -  24 C f o r  f i f t e e n  to  tw enty  fo u r  h o u rs . A lte rn a t iv e ly  
0 .0 3  m l. i^ o re  su spension  was p laced  on each o f  two d is c s  o f  a g a r
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medium 7*5 mm. d iam eter and 1 .5  mm. th ic k  on th e  ^ a s s  s lid e*  a f t e r  
in c u b a tio n  th e  s p o re s  were s ta in e d  w ith  0 .02^  c o tto n  b lu e  in  
la c to p h en o l and th e  p e rcen tag e  g erm in a tio n  determ ined  f o r  a t  l e a s t  
two hundred ^ o r e s  in  random f i e l d s  o f  view; ( approzim ate2y one 
hundred from each r e p l ic a te )  • G erm ination was co n sid e red  to  have 
o ccu rred  i f  a  g em  tube  o f  le n g th  a t  l e a s t  eq u a l to  h a l f  th e  m ini­
mum dim ension o f  th e  spo re  had been produced. P ercen tage  germina­
t io n  v a lu e s  were n o t c o rre c te d  to  100^ c o n tro ls  u n le ss  s t a t e d .
To examine! germ ina tion  in  cas in g  m a te r ia ls ,  th e  method o f  
Cholodny ( l 930) was used  in  which washed spore suspensions were 
sprayed on g la s s  s l id e s  u s in g  an a to m izer o r  p laced  on th e  s l id e  
i n  d ro p le ts  which w ere sp read  o u t u s in g  an in o c u la t io n  w ire .  The 
s l id e s  were th e n  b u r ie d  v e r t i c a l l y  o r  h o r iz o n ta l ly  in  cas in g  m a te r ia l .  
For subsequent exam ination , the  s l id e s  were c a r e f u l ly  removed, th e  
re v e rse  s id e  c leaned  and p laced  o v e r  a  warm m icroscope lamp to  d ry . 
L arg er s o i l  p a r t i c l e s  w ere removed u s in g  f in e  fo rcep s  o r a need le  
and p e rcen tag e  germ ina tion  v a lu e s  determ ined  as b e fo re  u s in g  a 
s ta in e d  p re p a ra t io n  o r  u s in g  p o s i t iv e  o r  n eg a tiv e  phase c o n tr a s t  
m icroscopy a s  a p p ro p r ia te .
G erm ination o f  V. m althousei c o n id ia  i n  s o i l  was a lso  examined 
on f i l t e r  membranes u s in g  th e  method o f  Adams (1967)* Oxoid c e l lu lo s e  
a c e ta te  membranes were p laced  in  f i l t e r  h o ld e rs  and an unwashed spore  
suspension  was added and f i l t e r e d .  I f  re q u ire d  the spo res were 
washed by p a ss in g  d i s t i l l e d  w a te r  t h r o u ^  th e  membrane, which was 
th en  b u rie d  in  cas in g  m a te r ia l .  L a te r  a f t e r  zemoval, th e  membranes
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were s ta in e d  in  0#0%% c o tto n  b lu e  in  la c to p h e n o l, c u t  in to  s t r i p s  
2 cm. wide and mounted in  g ly c e ro l f o r  m icroscopic exam ination .
( i i )  E xperim ental
C onidia o f  V. m alth o u se i and M. p e rn ic io sa i were found to  
germ inate r e a d i ly  on m alt a g a r a f t e r  f i f t e e n  to  tw enty  fo u r  hours 
in c u b a tio n  a t  24 C. However, chlam ydospores o f  M. pe rn io io sm  
washed from a 14-day  m a lt a g a r  c u l tu re  f a i l e d  to  g e rm ina te  on th e  
fo llo w in g  ag ar media Com meal ( O xoid), Com s tee p  ( Oxoid), 
Cwapek Dox ( O xoid), P o ta to  d ex tro se  ( O xoid), Oatmeal, P la in  ( O xoid), 
M alt e x t r a c t  ( O xoid), M alt e x t r a c t  w ith o u t peptone ( O xoid), a  s e r i e s  
o f  m a lt e x tr a c t  a g a r  p la te s  b u ffe re d  w ith  phosphate to  pH 3*4, 5*8, 
6 .2 , 6 .6 , 7*0, 7*4 and 7*8, and mushroom e x t r a c t  media A, B and C * 
However, where th e  th in - b a l le d  suspending c e l l  was undamaged, ger­
m ina tion  by a germ tu b e  produced u s u a l ly  a t  th e  p o in t o f  attachm ent 
to  p a re n t mycelium was c o n s is te n t ly  observed  ( P la te  2 l ) .  Thus the  
o b se rv a tio n  by  Sm ith (l9 2 4 ) t h a t  chlam ydospores from c u l tu r e s  o f  
M* p e m io io s a  germ inate r e a d i ly  on mushroom media was n o t confirmed* 
T h is  may be because th e  e x a c t  c o n d itio n s  f o r  such germ ina tion  w ere 
n o t p rov ided  o r  t h a t  Sm ith may have Confused germ ina tion  o f  th e  
th ic k -w a lle d  c e l l  w ith  t h a t  o f  th e  b a sa l c e l l .  I t  i s  perhaps s i g ­
n i f i c a n t  t h a t  Smith (l9 2 4 ) i l l u s t r a t e d  th e  chlamydo spore germ inating  
by  producing  a germ tube th rough  th e  b a s a l  c e l l .
The e f f e c t  o f  mushroom mycelium on chlamydo spores was nex t 
examined. Spawn-run compost was f i l l e d  to  th e  su rface  o f  one h a l f
Hi'
F o r com position  see Appendix 1 .
P la t e  21 G erm ina tion  o f  th e  b a s a l  c e l l  o f  a  chlamydo sp o re  
o f  M. p e m io io s a  fo llo w in g  in c u b a tio n  on m a lt 
a g a r  f o r  36  h o u rs  a t  22 C (x  7OO)
a
■.’«fit
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&
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o f  a  re c ta n g u la r  p l a s t i c  sandwich box, s o i l  b e in g  added to  th e  
rem ainder. The box was; f i t t e d  w ith  a l i d  and in cu b a ted  in  th e  
growth room to  allow  mushroom mycelium to  f u l l y  c o lo n ise  the  s o i l .
A suspension  o f  chlam ydospores and c o n id ia  was p rep a red  from a 
14-day  m alt e x t r a c t  a g a r c u l tu r e  o f  M. p e rn io  iosm  and sprayed  on 
g la s s  s l i d e s  which were in v e r te d  and p laced  on th e  s o i l  in  con­
t a c t  w ith  mushroom iqycelium. Two such boxes were p rep a red  and each 
p rov ided  w ith  th re e  s l i d e s .  One s l id e  was removed f r o n  each  box 
and examined f o r  ^ o r e  g e rm in a tio n  a f t e r  one , two and th re e  days 
in c u b a tio n  on th e  c o lo n ised  s o i l  a t  24 C. G erm ination o f  undamaged 
b a s a l  c e l l s  o f  ch laoydospores and c o n id ia  was re p e a te d ly  seen b u t 
on no o ccas io n  was germ in a tio n  o f  th e  th ic k -w a lle d  c e l l  o f  th e  chlamydo* 
sp o re  seen .
The b eh av iou r o f  V. m althousei c o n id ia  i n  c a s in g  m a te r ia ls  was 
examined w ith  a washed spore  su spension  sprayed  on washed, s t e r i l i s e d  
s l id e s  b u rie d  h o r iz o n ta l ly ,  sp o re  s id e  upperm ost i n  f r e s h  s o i l  o r  
p a s te u r iz e d  p e a t a d ju s te d  to  approx im ate ly  o f  maximum w a te r-  
h o ld in g  c a p a c i t i e s .  O ther s l id e s  were b u r ie d  in  s t e r i l i ^ d  s o i l  
o r  p e a t .  S l id e s  were s ta in e d  a f t e r  one, th re e  and seven days w ith  
0 .0 ]^  c o tto n  b lu e  in  la c to p h e n o l fo llo w in g  c a r e fu l  removal o f  ex cess  
c a s in g . The p e rcen tag e  g erm ina tion  was determ ined  f o r  each c a s in g  
ty p e  and f o r  c o n tro l  experim ents where sp o res  w ere in cu b ated  in  w ater 
on g la s s  s l id e s  o r  on p la in  w ater ag ar (Tables lO ) . I n  n a tu r a l  s o i l ,  
c o n id ia l  germ ination  o f  V. m alth o u se i was low and accompanied by 
ra p id  ly s i s  o f  germ tu b e s , w h ile  i n  s t e r i l e  s o i l ,  h i ^  germ ina tion
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Table 10
G erm ination o f  V. m althousei co n id ia  on g la s s  s l id e s  
in  c a s in g  m a te r ia ls
S o il  P eat
N atu ra l S t e r i l e  P a s te u r iz e d  S t e r i l e
24 hours in c u b a tio n
No. germ inated spores 41 231 0 201
No. ungerm inated spores 183 26 273 12
fo germ ina tion 1 8 .4  89 .9 0 94 .4
Comments S h o rt ^erm  Long germ Long germ
tu b es  tu b es tu b e s
48 hours in c u b a tio n
No. germ inated spores 42 E x ten siv e 4 E xtensive
No. ungerm inated sp o res 176 mycelium 296 mycelium
% g erm ination 19.3  and 1 .4 and
Comments Germ tu b e  s p o ru la tio n sporulation
ly s i s  seen  observed observed
72 hours in cu b a tio n
No. germ inated spo res 8 E x ten siv e 0 Extensive
No. ungerm inated spores 192 mycelium 213 mycelium
% g e m in a tio n 4 .0  and 0 and
Comments Germ tu b e  s p o ru la tio n sp o iu la tio n
l y s i s  seen observed observed
C o n tro ls P la in  agar W ater
No. germ inated spores 297 69
Noi ungerm inated sp o res 3 194
% g erm ina tion 99.0 26.2
Comments Long germ tu b es S hort germ tu b es
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r a t e s  and e x te n s iv e  m y ce lia l growth and s p o ru la tio n  occu rred  /  ~
’ su g g estin g  th e  o p e ra tio n  o f  s o i l  f a n g is ta a is  (Dobbs and Hdnsbn 
1953). These o b se rv a tio n s  were even more marked i n  p e a t b u t  in  
n a tu ra l  s o i l ,  re p la c in g  s l id e s  w ith  c e l lu lo s e  a c e ta te  membranes, 
germ ination  was reduced  to  45^ o n ly , a f t e r  tw enty  fo u r  hours 
(T ab le  l l ) .
T able  11 G erm ination o f  V. m althousei









M alt e x t r a c t  agar 208 3 98.5
W ater on g la s s  s l id e 61 343 29 .9
Membrane on m alt agar 221 0 100.0
Membrane in  s o i l 94 115 4 5 .0
I n  view o f  r e s u l t s  re p o rte d  e a r l i e r  on th e  s u rv iv a l  o f  V. m a lth o u se i 
in  c a s in g , th e  e f f e c t  o f  mushroom mycelium, growing t h r o u ^  cas in g  
m a te r ia ls ,  on c o n id ia  was n ex t in v e s t ig a te d .  Spawn-run compost 
was f i l l e d  to  a dep th  o f  6 cm. in  one h a l f  o f  a  p l a s t i c  box 25 % 10 cm 
and m o ist s o i l  was f i l l e d  in to  th e  o th e r  h a l f  and th e  su rfa c e  le v e l l e d .  
Two b oxes p rep ared  i n  t h i s  way were equipped w ith  c l o s e - f i t t i n g  l i d s  
and in cu b a ted  f o r  tw enty  f iv e  days a t  13 -  18 C by  which tim e mush- 
room-mycelium had c o lo n ised  h a l f  th e  s o i l  'ca sd n g * . T h ree  ^ a s s
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m icroscope s l id e s  were sprayed  w ith  washed sp o res  o f  V# m a lth o u se i. 
in v e r te d  and p laced  on th e  s o i l  'cas in g *  o f  each box so th a t  one 
end o f  each  s l id e  was i n  c o n ta c t w ith  mushroom mycelium and th e  o th e r  
end over unoolon ised  s o i l  ( F ig .  3) .  The s l id e s  were g e n tly  p re sse d  
down to  en su re  good c o n ta c t w ith  th e  s o i l ,  c a re  b e in g  tak en  to  avo id  
damaging mushroom mycelium. One s l id e  was removed from each box, 
s ta in e d  and examined a f t e r  one, th re e  and f iv e  d ay s. Spore germ­
in a t io n  w as determ ined i n  th re e  d i s t i n c t  zones on the  s l id e s  -  
sp o re s  in  c o n ta c t w ith  s o i l  o n ly  and th o s e  in  th e  a reas  o f  mudi- 
room m yceliuh . W ith in  th e se  zones, spore  germ ination  p e rcen tag e  
were de term ined  in  random f i e l d s  o f view;. I n  th e  l a s t  zone, spore  
coun ts were made a d ja c e n t to  in d iv id u a l  mushroom hyphae o r  s tra n d s
Spawn-run compost
Mushroom mycelium
C lass m icroscope s l i d e
S o il  'c a s in g '
P lan  diagram  of p la s t i c  box w ith  spawn-run 
compost and s o i l  'c a s i n g '.
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o n ly , in  a re a s  where good germ ina tion  had occurred* The r e s u l t s  
l i s t e d  in  T able 12 in d ic a te  t h a t  exudates o f  mushroom mycelium 
s tim u la te  spore germ in a tio n  in  V* m althousei and can overcome the  
f u n g is ta t i c  e f f e c t  observed  in  s o il*  These o b se rv a tio n s  were 
confirm ed in  s e v e ra l  s im i la r  experim ents* Where germ ina tion  o f  
c o n id ia  had tak en  p la ce  n e a r  mushroom mycelium a tta c h e d  to  th e  
s l id e ,  many o f th e  germ tubes and hyphae o f  V* m althousei grew 
tow ards and a lo n g s id e  mushroom mycelium (FL ate  2 2 ). A f te r  th re e  
days conidLophores w ith  v e r t i c i l l a t e  p h ia l id e s  were seen  on s l id e s  
w ith  mushroom nycelium  grow th, becoming e x te n s iv e  in  f iv e  daysj[F late  23) 
T his e f f e c t ,  no rm ally  o n ly  seen  in  s t e r i l i s e d  s o i l  i s  presum ably 
due to  u t i l i s a t i o n  o f  n u t r i e n ts  exuded from mushroom mycelium s in ce  
no p e n e tr a t io n  o f  h o s t  c e l l s  by th e  pathogen was seen* üuch exudates  
however, have no e f f e c t  on the  chlam ydospores o f  M. p e rn lc io s a  
which rem ain  ungerm inated when s u b s t i tu te d  fo r  V* m a lth o u se i in  
s im ila r  experim ents* B a c te r ia l  grow th i s  a lso  supported  by mushroom 
c e l l  exudates ( P la t e  24)*
The f a c to r s  in f lu e n c in g  spore g e m in a tio n  were s tu d ie d  f u r th e r  
and f o r  convenience, t h i s  work i s  re p o rte d  in  a sep a ra te  sec tio n *
c* Growth o f  Mycelium in  C asing
Experim ents to  determ ine th e  co m p etitiv e  sap ro p h y tic  a b i l i t y  
(G a r re t t  1956) o f  T* m a lth o u se i were l im ite d  to  an exam ination  o f  
th e  c o lo n iz a tio n  o f  mushroom t is s u e  from s o i l ,  and growth in to  s o i l  
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P la te  No* 22 G erm ination o f  V* m althousei c o n id ia  on a g la ss  
s l id e  in  s o i l  n ea r mushroom mycelium* Growth 
o f  germ tu b es  a lo n g sid e  mushroom mycelium 













P la te  No. 23 V e r t i c i l l a t e  con id iophores seen  on ^ a s s  s l id e  
co a ted  w ith  c o n id ia  o f  V, m a lth o u se i. p laced  
on s o i l  in  c o n ta c t w ith  mushroom mycelium (% -?00)

P la te  No. 2L B a c te r ia  observed  on g lass: s l id e s  p laced  i n
c o n ta c t  w i th  mui^iroom aqrcelium . a  g e rm in a tin g  
sp o re  o f  V# m a lth o u se i i s  v i s i b l e .  (% 2000)
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were inc lud ted  i n  one e3q)eriment.
The c o ilo n iz a tio n  o f  s t e r i l e  and n o n - s te r i l e  mushroom s ta lk  
t i s s u e  by VT. m a lth o u se i was examined in  s t e r i l e  and no n r  s t e r i l e  s o i l  
( 50^  o f  mazcimum w aterh o ld in g  c a p a e ity )  re s p e c t iv e ly .  The s ta lk s
g
were dipped i n  a suspension  o f  c o n id ia  (ap p ro x im ate ly  2 .6  z  10 
p e r  ml) b e f o r e  in c o p o ra tio n  in to  th e  s o i l  and a f t e r  in c u b a tio n  a t  
24. C f o r  sew en days th e  s o i l  su rfa c e s  w ere examined m ic ro sco p ica lly  
f o r  sp o ru la itio n  o f  t e  pa thogen . S o i l  w as th en  c a r e f u l ly  removed 
to  expose tlhe  s t a lk s  which were a lso  e zamined f o r  su rfa ce  growth 
o f  th e  p a th o g e n . A f te r  t r a n s f e r  to  s t e r i l e  p e t r i - d i s h e s ,  the  
s ta lk s  were b roken open and p ie c e s  o f  t i s s u e  from th e  c e n tre  
a s e p tic  a l l y  t r a n s f e r r e d  to  m alt ag a r p l a t e s .  S o i l  p a r t i c l e s  
ad jac e n t to  th e  s t ip e s  (up  to  5 mm.) and from th e  a re a  5 - 1 0  mm. 
from the  s ti ip e s  was suspended in  s t e r i l e  w a te r . S e r ia l  te n fo ld  d i lu ­
t io n s  were made o f  eœsh s o i l  suspension  and 1 m l. o f  each d i lu t io n  
was mixed w ilth m olten , coo led  m alt e x t r a c t  ag ar in  a  p e t r i - d i s h .
The p l a t e s  wrere in cu b a ted  f o r  s e v e ra l  days a t  24- C and were examined 
d a i ly  f o r  tine p resen ce  o f  V. m a lth o u se i c o lo n ie s  (T ab le  I 5) .  Thus 
mushroom t i s s u e  i n  u n s t e r i l i s e d  s o i l  can be co lo n ized  by V. m a lth o u s e i, 
idien h i ^  im o cu la  a re  employed. A lso th e  inoculum p o te n t ia l  o f  th e  
pathogen  in  s o i l  i s  in c re a s e d  by  sp o ru la tio n  on th e  b u r ie d  s t i p e s .  
However, m y o e lia l  growth from the  food b ase  was n o t d e te c te d  in  
co m p etitio n  w ith  th e  micro f l o r a  o f  n a tu r a l  s o i l  as no c o lo n ie s  o f  
V. m a lth o u se ii  were i s o la te d  from s o i l  5 -  10 nm from th e  s t ip e  a l -  
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to  th e  s t ip e *  Thus i t  i s  concluded th a t  V* m lth o u se i i s  po o rly  
equipped to  compete w ith  th e  s o i l  m io ro flo ra  and grow from a 
n u t r i e n t  source in to  so il*
These co n clu sio n s  were subst a n t ia te d  u s in g  a m o d if ica tio n  
o f  th e  r e c o lo n iz a t io n  tube techn ique  o f  Evans (1955) in w lv in g  
th e  u s e  o f  6 cm* le n g th s  o f  3 om* bore  P*V*C* tu b in g , which 
was c u t  in to  3 mm* segments fo r  i s o la t io n  purposes (F ig*  6) *
M* p e m ic io s a  and D* d en d ro id ea  were a lso  in c lu d ed  in  th i s  
experim ent* A f te r  in tro d u c tio n  o f  in fe c te d  mushroom t i s s u e  a t  
one end o f  tu b es  c o n ta in in g  s t e r i l i s e d  o r  u n s te r i l i s e d  s o i l  and 
in c u b a tio n  f o r  seven dsys a t  2^ C th e  3 mm* r in g s  c u t from two
S o i l
C o t to n  w o o l p lu g ,  
P .V .C . t u b in g
  K ey t o  c u t t i n g  p o s i t i o n s
S p o r u l a t i n g  g ro w th  
o f  p a th o g e n
C ore fr o m  i n f e c t e d  m ushroom
F ig *  6 * D iagram  o f  i n o c u l a t e d  s o i l  tu b e  sh o w in g  
k e y  t o  c u t t i n g  p o s i t i o n s .
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tu b es  o f  each tre a tm e n t were each a s e p tic  a l l y  p laced  d i s t a l  end 
downwards on a c le a n  f r e s h  cu t b u tto n  mushroom and covered by a 
p l a s t i c  b e a k e r . S o i l  from r in g s  c u t from  o th e r  tu b e s  was d i s t r i ­
bu ted  over m alt e x t r a c t  ag ar c o n ta in in g  1 : 30*000 ro se  b en g a l and 
30 /i©^ml s trep to m y c in . A f te r  f iv e  days in cu b a tio n  a t  13 -  18 C 
in  th e  dark  th e  p la tear and mushrooms w ere a sse ssed  (T a b le s  14* 13 
and l 6 ) .  The mean w a te r  co n ten t o f  s o i l  used  was 23#0^ o f  dry  
w e i ^ t  o r  38.3% o f  maximum w a terh o ld in g  c a p a c ity .
Tftble 14 Growth o f  T . m alth o u se i on
d u p lic a te  p la te s  and mushrooms 
in o c u la te d  w ith  s o i l  from growth tu b es
Tube S e c tio n  
( s e e  F ig .  6)
S t e r i l e  S o i l
P la te Mushroom
Non s t e r i l e  S o il
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Key to  T ab le  14*
+ Growth o f  V. m alth o u se i observed 
-  Growth o f  V. m althousei n o t observed 
P la te  = P la te  d e te c t io n  method 
Mushroom = Mushroom d e te c tio n  method
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Table 15 Growth o f  M. p e m ic io s a  on
d u p lic a te  p l a t e s  and mushrooms 
in o c u la te d  w ith  s o i l  from growth tu b es
Tube S e c tio n  
( s e e  Pig# 6)
S t e r i l e  S o il Non s t e r i l e  S o il







Table l6  Growth o f  D. dendro idea  on
d u p lic a te  p la te s  and mushrooms 
in o c u la te d  w ith  s o i l  from growth tu b e s
Tube S e c tio n  
( s e e  P ig .  6)
S t e r i l e  S o i l Non s t e r i l e  S o i l








+ +  
+ +
Key to  T ab les  15 and 16 .
+ Growth o f  V. m a lth o u se i observed
Growth o f  V. m althousei n o t observed 
P la te  s  P la te  d e te c tio n  method 
Mushroom = Mushroom d e te c t io n  method.
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The p la te  I s o la t io n  method in d ic a te d  f o r  n o n - s te r i l e  s o i l  th a t  
th e  f i r s t  5 - 1 0  mm# o f  s o i l  were co lo n ized  by  th e  pathogen# The 
mushroom d e te c tio n  method, used  as an a ttem p t a t  a  s e le c t iv e  
i s o l a t i o n  p rocedu re , gave more v a r ia b le  r e s u l t s  p ro b ab ly  due to  
n a tu ra l  in f e c t io n  by  th e  pathogen in fe r r e d  from th e  in f e c t io n  o f  
one mushroom o u t o f  te n  covered  w ith  u n in o c u la ted  s o i l#  However, 
th e  r e s u l t  s  o f  t h i s  and p rev io u s  experim ent suggest t h a t  V# m alth o u se i 
i s  c h a ra c te r is e d  by  low c o n ^ e ti t iv e  sap ro p h y tic  a b i l i ty #  A lthough 
M# p e rn ic io s a  on mushroom beds e x h ib i t s  l im ite d  c o lo n iz a t io n  o f  th e  
c a s in g  su rfa c e  from in f e c te d  sporophores ? h i le  D. dendro ides i s  
a b le  to  e x te n s iv e ly  c o lo n iz e  th e  c a s in g  s u r fa c e , th e  r e s u l t s  in d ic a te  
th e y  a re  n o t a b le  to  grow below th e  su rfa ce  o f  th e  c a s in g  from in fe c te d  
mushrooms#
d# I n f e c t io n
The in f e c t io n  o f  mushroom sporophores by  V# m althousei was 
in v e s t ig a te d  u s in g  v a rio u s  in o c u la t io n  tech n iq u es  and spo re  con­
c e n t r a t io n s .
To determ ine th e  m ost e f f e c t iv e  method to  i n f e c t  mushroom 
sporophores w ith  V# m a lth o u se i. spawnr-run compost i n  f ib r e  p o ts  
was in o c u la te d  in  th re e  ways -  2#5 ml# spore su sp en sio n  from a  
7 -day  m a lt e x t r a c t  a g a r c u l tu re  was sprayed on th e  compost su rfa c e  
o r  mixed in  th e  p e a t  c a s in g  o r  sprayed on th e  c a s in g  su rfa ce  o f  
each pot#  Each tre a tm e n t was p repared  f o r  tw en ty  pots, and th e  
in o c u la t io n  f o r  each p o t  was approxim ately  4*5 % 10^ conid ia#
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C asing m a te r ia ls  c o n s is te d  o f  50g. p ea t w ith  lim es to n e  sh ip p in g s  
in  each r e p l ic a te #  Twenty u n in o cu la ted  c o n tro ls  w ere prepared# 
O ther c o n tro ls  c o n s is t in g  o f  f iv e  p o ts  p e r  tre a tm e n t were s e t  
up u s in g  w a te r in s te a d  o f  a spo re  suspension# Numbers o f  h e a lth y  
and d ise a se d  mushrooms from one f lu s h  in  each tre a tm e n t were 
reco rd ed  (T ab le  I? )#
T able  17 Numbers o f  d isea sed  and h e a lth y  mushrooms 
produced in  an in fe c t io n  experim ent w ith  
________V# m althousei c o n id ia
_ . . No #mushrooms No#mushrooms % mushroomsTreatm ent
in fe c te d h e a lth y in fe c '
C onidia on compost su rface 7 56 11
C onidia w ith in  c as in g 77 4 95
C onidia  on c a s in g  su rfa c e 42 26 62
U ninoculated  c o n tro l - 47 -
W ater on compost su rface - 11 -
W ater w ith in  c a s in g - 11 -
W ater on c a s in g  su rfa c e - 10 -
A lthough some in f e c t io n  was produced by  compost in o c u la t io n  much 
g r e a te r  r a t e s  o f  in f e c t io n  were o b ta in ed  from in o c u la te d  e a s in g , 
p a r t i c u l a r ly  when th e  co n id ia  were mixed th ro u g h o u t th e  casing# 
T his in d ic a te s  t h a t  ty p ic a l  scleroderm oid  symptoms r e s u l t  from an 
a t ta c k  on s tra n d s  o r  sporophores w ith in  o r  a t  th e  su rfa ce  o f  th e  
c a s in g  r a th e r  th an  on mushroom mycelium t n  th e  compost#
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To in v e s t ig a te  th e  e f f e c t  o f  inoculum p o te n t ia l  o f  V. m althousei 
i n  c a s in g  m a te r ia ls ,  an i n f  a c t i v i t y  assay  was c a r r ie d  ou t by m ixing 
c o n id ia  from 7"dey c u l tu re s  w ith  p e a t w ith  lim estone  o r  s o i l  c a s in g  
m a te r ia ls  made up to  50^  o f  maximum w aterho ld ing  c a p a c ity , the sp o re  
c o n c e n tra tio n s  used  being  reco rd ed  w ith  th e  r e s u l t s  in  T able 18 and 
P ig . 7# The c o n c e n tra tio n  o f  spores re q u ire d  to  produce in fe c te d  
mushrooms in  30% o f  p o ts  was h ig h e r f o r  s o i l  than  f o r  p e a t .
Table 18 Number o f  p o ts  p roducing  in fe c te d  
mushrooms in  i n f e c t i v i t y  assay  o f  
 c o n id ia  o f  V. m althousei
P ea t Casing S o i l  Casing
Number
No. p o ts  
w ith
No. p o ts  
w ithou t Number
No. p o ts  
w ith
No. p o ts  
w ithou t
s p o re s / g . in fe c t io n in fe c t io n s p o re s / g . in fe c t io n in f e c t io n
0 _ 10 0 10
1 .45  z  10^ - 10 81 - 10
1 .45  X 10^ 2 8 8 .1  I  10^ - 10
1 .45  X 10^ 8 2 8 .1  X 10^ 1 9
1 * 5  X 10^ 10 - 8 .1  X 10^ 10 -
The b eh av iou r o f  V. m althousei im m ediately p r io r  to  in f e c t io n  
o f  the  mushroom was examined more c lo s e ly  u s in g  a deep c a s in g  
te c h n iq u e . T a l l  1 L g la s s  b ed cers  were h a l f - f i l l e d  w ith  spawn-run 
com post. A washed spore  suspension  o f  V. m althousei was mixed w ith  













P ea t c a s in g  










Log. No. s p o re s /g d ry  w t. c a s in g
F ig .7  No. p o ts  growing in fe c te d  mushroom sporophores in  in fe c ­
t i v i t y  assay  w ith  ¥ .  m althousei
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p ro v id e  a c a s in g  la y e r  1 cm. deep o v er the  spawn-run compost in  
th re e  b e a k e rs . Care was tak en  to  avo id  con tam inating  th e  s id e s  
o f  th e  b eak e rs  above t h i s  l e v e l .  A d d itio n a l m oist p e a t  was
p laced  on top o f  t h i s  la y e r  u n t i l  th e  c a s in g  was 8 cm. deep .
Three more b eakers  were cased  w ith  7 cm. m oist p e a t and o v e r la id  
w ith  a  1 cm. dep th  o f  in o c u la te d  p e a t .  Two b ed cers  w ith  c a s in g s  
o f  u n in o cu la ted  m oist p e a t 8 cm. deep serv ed  as  c o n t r o ls .  Poly­
thene s lee v e s  were secu red  w ith  ru b b e r bands to  th e  s id e s  o f  the  
b eak ers  j u s t  below th e  rim s and to  ru b b e r bungs clamped 10 cm. 
above to  en c lo se  th e  c a s in g  a llo w in g  su rfa c e  carbon  d io x id e  to  
accum ulate i n i t i a l l y ,  p re v e n tin g  sporophore i n i t i a t i o n  and encourag­
in g  v e g e ta tiv e  grow th (Long and Jaco b s  1969). The bung ad m itted  
a  s h o r t  a i r  i n l e t  tu b e  and an a i r  o u t l e t  tube which ex tended  to  
w ith in  3 mm. o f  th e  c a s in g . A C harles A u stin  o i l - f r e e  diaphragm 
pump siq )p lied  a i r  under p o s i t iv e  p re s su re  t h r o u ^  a  flo w -m ete r, 
branched  supply  p ip e s  and h u m id if ic a tio n  f l a s k s .  A ll  b e a k e rs  were 
in cu b a ted  f o r  fo u r  weeks a t  13 -  18 C d u rin g  id iich  no f r e s h  a i r  was
su p p lie d . When th e  mushroom mycelium had grown to  w ith in  3 mm. o f
th e  c a s in g  s u rfa c e , a i r  w as su p p lied  a t  a  r a t e  o f  2 I/m in  p e r  b eak e r 
to  promote sporophore i n i t i a t i o n  which norm ally  o ccu rred  in  the  top  
3 mm. o f  c a s in g .
The th re e  beak ers  in o c u la te d  in  th e  upper la y e r  o f  c a s in g  
produced on ly  scleroderm oid  in fe c te d  mushrooms. Normal shaped mush­
rooms b e a r in g  e x te n s iv e  s p o ru la tio n  o f  th e  pathogen on th e  p i le u s ,  
g i l l s  and s t ip e  and sc leroderm oid  mushrooms were formed in  b eakers
$6
in o c u la te d  a t  the  bottom  o f th e  c a s in g . P o r tio n s  o f c a s in g  a b u ttin g  
th e  s id e  o f  b edcers  o f  a l l  tre a tm en ts  were c a r e f u l ly  removed in ta c t  
and w ere examined m ic ro sc o p ic a lly . A ll s tra n d s  Arom a l l  tre a tm e n ts  
appeared  norm al and h e a lth y , even those  below  in fe c te d  i n i t i a l s  
( P l a t e s  25 and 26) .  However, th e  t i s s u e s  o f  dev elo p in g  i n i t i a l s  
were covered  w ith  s p o ru la tin g  heads o f  V. m alth o u se i i r r e s p e c t iv e  
o f  t h e i r  p o s i t io n  w ith in  th e  c a s in g  l a y e r .  S e v e ra l in s ta n c e s  were 
no ted  in  b eakers  in o c u la te d  a t  th e  bottom  o f  th e  c a s in g  o f  a mass 
o f  in f e c te d  sporophore t i s s u e  formed deep in  th e  c a s in g  covered by 
s p o ru la tio n  o f  th e  pathogen  y e t  lin k e d  by appaurently h e a lth y  s tra n d s  
to  o th e r  d isea sed  sp o rophores in  th e  su rface  la y e r s  o f  c a s in g  ( P la t e
27) .
The occurrence o f  V. m althousei on d ise a se d  sporophores a t  th e  
c a s in g  su rfa ce  in  p o ts  in o c u la te d  a t  th e  base  o f  th e  e a s in g  in d i ­
c a te s  t h a t  sp o res  o f  th e  pathogen  had germ inated and grown t h r o u ^  
th e  p e a t to  th e  su r fa c e . From p rev io u s  r e s u l t s  showing th e  r e l a ­
t io n s h ip  between p a r a s i t e  and mushroom mycelium t h i s  growth i s  
p ro b ab ly  c lo s e ly  a s s o c ia te d  w ith  mushroom mycelium. I n  a  r e p e a t  
o f  t h i s  experim ent an a ttem p t was made to  d e te c t  V. m althousei 
in  mushroom s tra n d s  o r  in  p e a t n ea r s tra n d s  from the  upper 4  cm. o f  
c a s in g  in o c u la te d  b a s a l ly .  S ec tio n s  o f  p e a t a b u ttin g  th e  s id e s  
o f  th e  b e ak e rs  were ag a in  removed i n t a c t ,  c a re  b e in g  taken  to  avo id  
con tam in atio n  o f  one la y e r  o f  cas in g  by a n o th e r . Ten p ie c e s  o f  
mycelium s tra n d  were d is s e c te d  o u t a s e p t ic a l ly  and t r a n s fe r r e d  to  
th e  su rfa ce  o f  c le a n  b u tto n  mushrooms covered  by p l a s t i c  b e a k e rs .
P la te  25 Mishroom strand in  c a s in g  w ith  in f e c te d  spo irophore 
et to p  covered by s p o ru la tio n  o f  V. m alth o u ase i. 
Lontaged p i in ts  rephoto graphed ( x  25)
»
P la te  26 H ealthy  mushroom s tra n d a  in  c a s in g . Montaged 
p r in ts , rephotographed, ( x  25)

P la te  27 A pparently  h ea lth y  s tra n d  l in k in g  mushroom i n i t i a l  
a t  to p  w ith  mass' o f  sporophore t is s u e  formed deep 
in  c as in g , b o th  in fe c te d  w ith  7 .  m althousei and 
covered w ith  sp o ru la tio n  o f  th e  pathogen.





A f u r th e r  t e n  s tran d s, were s im ila r ly  removed from in o c u la ted  and 
c o n tro l  tre a tm e n ts  aM p laced  on m alt e x t r a c t  ag ar in  p e t r i - d i s h e a .  
P ea t p a r t i c l e s  a d ja c e n t to  th e se  s tra n d s  were p la te d  o u t on te n  
m alt e x t r a c t  a g a r  p la te s  p e r trea tm en t*  A f te r  in cu b a tio n  fo r  
sev e ra l days a t  24 C, mushrooms and a g a r  p la te s  were examined 
f o r  7# m a lth o u se i.
The r e s u l t s  l i s t e d  in  T able  19 show th a t  few is o la t io n s  o f  
7 .  m althousei from s tra n d s  o r p e a t were made p o s s ib ly  because: th e  
mycelium o f  th e  pathogen i s  d i f f i c u l t  to  I s o la te  and d e te c t  o r  
t h a t  i t  may n o t be e x c lu s iv e ly  a s so c ia te d  w ith  mushroom mycelium. 
S ev era l s tra n d s  from  each trea tm en t were th en  removed from the 
cas in g  a s  b e fo re , f ix e d  in  fo rm alin  a c e t ic  a lc o h o l, dehydrated , 
embedded in  * P a ra p la s t ' wax, sec tio n ed  on a  R e ich e rt ro ta z y  
microtome to  13 p. th ic k n e ss  and s ta in e d  u s in g  th e  p e r io d ic  ac id  
S c h if f  method, b u t  nycelium  o f  T . m althousei was n o t d e te c te d . 
( P la te s  28 and 2 9 ) .
D isease symptoms observed  w ith  deep cas in g  experim ents 
in d ic a te  t h a t  th e  most sev e re  in fe c t io n s  r e s u l te d  from inoculum 
in  th e  upper la y e r s  o f  c a s in g . The l e s s  severe  in fe c t io n s  in  
b a s a l ly  in o c u la ted  c a s in g  a re  concluded to  r e s u l t  from c o n id ia l  
germ ination  and growth o f  7 .  m althousei t h r o u ^  to  th e  su rfa ce  
la y e r s  o f  c a s in g . F a i lu r e  to  d e te c t  pathogenic  mycelium in  sec­
t io n s  o f  s tra n d s  connected to  in fe c te d  sporophores i s  p robab ly  
due to  th e  r e l a t i v e l y  few hyphae o f  7 .  m a lth o u se i p re se n t in  th e  
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s t r u c tu r a l  s im i la r i ty  o f  strands- connected w ith  in fe c te d  and h e a lth y  
mushroom sporophores in d ic a te s  t h a t  V# m althousei causes no appar­
en t changes o r  symptoms in  the  s t r a in s  b u t a tta c k s  th e  sporophore 
o f  th e  c u l t iv a te d  mushroom.
P la te  28 Section  o f  mushroom s tra n d  lin k ed  w ith h e a lth y
^o ro p h o re  i n i t i a l  in  un inocu lated  casing# ( x  lOOO)
P la te  29 S ection  o f  mushroom stran d  lin k ed  w ith  sporophore 
i n i t i a l  in fe c ted  w ith  V# m alth o u se i. (x  100O)
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6 . THE NATORE OP THE INHIBITION OP TERMINATION 
OF V. MALTHOTJSEI COEIDIiL IN CASINO MATERIALS.
P rev io u s  r e s u l t s  in  th e  p re se n t s tu d y  in d ic a te d  th a t  
V. m althoused c o n id ia  in  s o i l  e x h ib i t  b eh av io u r which can  be 
in te r p r e te d  as s o i l  f u n g is ta s i s  (Dobbs and H ^ so n  1953). among 
th e  f i r s t  workers to  re c o g n ise  th e  in h ib i t io n  o f  g e rm in a tio n  o f  
fungal spores in  s o i l  were Simmonds e t  a l  ( l9 5 0 ) w ith  H elm inthe snorium 
sativum . Hessayon (l9 5 3 ) w ith  Trichoderm a V ir id e  and Chinn (l9 5 3 ) 
who reco rd ed  th e  f a i l u r e  o f  s e v e ra l  sp ec ie s  to  g e rm ina te  i n  s o i l ,  
l a t e r  t h a t  y e a r Dobbs and Henson ex tended th e se  o b se rv a tio n s  and 
fram ed a g en e ra l concept as a  ’w idespread f u n g is ta s i s  in  s o i l s ' .
S ince  t h i s  r e p o r t  by Dobbs and Henson (1953) th e  concept o f  s o i l  
f u n g is ta s i s  o r  s o i l  m ycostasis  (Dobbs and Bywater 195?) has been  
v e r i f i e d  by numerous w orkers u s in g  d i f f e r e n t  fu n g i, s o i l s  and 
tech n iq u es  in  s e v e ra l  c o u n tr ie s  (Lockwood 1964.).
The mechanism o f  s o i l  f u n g is ta s i s  i s  th e  s u b je c t o f  c u r re n t 
d e b a te . Most w orkers in  t h i s  f i e l d  su b sc rib e  to  th e  view o f  Dobbs 
and Hinson (l9 5 3 ) t h a t  th e  in h ib i t io n  i s  caused by  a  w idespread  
d i f f u s ib l e  f u n g is ta t ic  f a c to r  o f  m ic ro b ia l o r ig in  which may be 
ma&ked by n u t r i e n t s  and removed by sev e re  h e a tin g  o r  d e s ic c a t io n .  
However, the n a tu re  o f  th e  in h ib i to r  i s  yiewed d i f f e r e n t l y  by d i f f ­
e r e n t  w orkers. A n tib io t ic s  (Lockwood 1959), v o l a t i l e  compounds 
(üchuepp and Green 1964., Robinson and P ark  1966, B a l is  and Ebuyeas 
1968 , Robinson, P a rk  and G a r re t t  I 968) ,  l ig n in  breakdown p roducts
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(Lingappst and Lockwood 1962), carbon  d io x id e  (B ria n  I960, B o u rre t, 
Gould and Snyder 1968), c u l tu re  s t a l in g  p ro d u c ts  (Paifc 196 l) and 
a n tim e ta b o lite s  o f  g lucose  (Dobbs 1962) have a l l  been co n sid e red  b u t 
d e sp ite  numerous a ttem p ts  th ese  have n e v e r  been s a t i s f a c t o r i l y  
e x tra c te d  -  s t e r i l e  aqueous e x t r a c ts  r a r e ly  in h ib i t in g  spore  g e r­
m ination  and sometimes be ing  s tim u la to ry  (Dobbs 1962, Bum bieris 
and Lloyd 1967, Schuepp and Green 1968, V a a r ta ja  and A g n ih o tri 
1968, W ill is  and W illiam s 1968) • I t  h as been p o in te d  out th a t  
th e  in h ib i to r  must be r e s i s t a n t  to  le a c h in g  and to  chem ical and 
b io lo g ic a l  in a c t iv a t io n  s in c e  i t  p e r s i s t s  in  fa llo w  s o i l  fo r  s e v e ra l  
y ea rs  ( Jackson 1958) .
A nother h y p o th esis  f o r  th e  mechanism o f  s o i l  f u n g is ta s i s  was 
mentioned as  a  p o s s ib i l i t y  b y  B rian  ( i9 6 0 ) and proposed a s  an 
a l t e r n a t iv e  by Lockwood ( 1964) and depends on m ic ro b ia l co m p etitio n  
f o r  n u t r ie n ts  r e s u l t in g  in  th e  u n a v a i l a b i l i ty  in  s o i l  o f  m a te r ia ls  
re q u ire d  f o r  spore  g e rm in a tio n , a  p re su p p o s itio n  o f  t h i s  h y p o th e s is  
i s  t h a t  most fUngal sp o res  f a i l  to  germ inate i n  d i s t i l l e d  w a te r in  
th e  absence o f  exogenous n u t r i e n ts ,  which i s  re fu te d  by Dobbs and 
Hinson ( l9 5 3 ) ,  Park  ( 196O) and L ingapps and Lockwood ( 1961) .  How­
ev er many o f  th e  experim ents from which th e se  co n clu sio n s  were 
drawn were c a r r i e d  o u t  w ith  no re c o rd  o f  p ro o ed ire s  to  remove con­
tam in a tin g  n u tr ie n ts  from ^ o r e  su sp ensions o r  a g a r  a ssa y  media, a  
s e r io u s  om ission  s in ce  many fu n g a l sp o res  have been  shown to  r e q u ire  
e x te rn a l  n u t r i e n t s  f o r  g e rm ina tion  ( Cochrane I960 , Eb and Lockwood 
1967, Menyonga 1967, M irc e tich , Zentmeyer and K endrick 1968, G r i f f in
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and Pass 1969)*
a# Snore G erm ination in  R e la tio n  to  N utrien tss
C onid ia o f  V e r t lc i l l iu m  a lbo -a trum  were shown to  be s u s c e p tib le  
to  s o i l  f u n g is ta s i s  by  Powelson and P a t i l  ( 1963)# which was a t t r i ­
b u ted  to  a fu n g is ta t ic  p r in c ip le  by S c h re ib e r  and Green ( 1963) who 
a lso  showed th a t  i t  cou ld  b e  overcome by  p la n t ro o t exudates -  
s u s c e p tib le  b e in g  more e f f e c t iv e  than  n o n -su sc e p tib le  p la n ts .
Powelson ( 1966) concluded th a t  th e  m ajor f a c to r  l im i t in g  germina­
t io n  o f c o n id ia  o f  V e r t lc i l l iu m  d a h lia e  in  s o i l  was the  exogenous 
a v a i l a b i l i t y  o f  d i f f u s ib l e  c a i to n  s u b s t r a te s .  The work r ^ o r t e d  
below exam ines f a c to r s  in f lu e n c in g  g erm ina tion  o f  co n id ia  o f  V. m a lt-  
h o u se i in  s o i l .  Methods u sed  in  spore  germ ina tion  experim ents were 
m ainly as d e sc rib e d  e a r l i e r  (page47) ^ e n  i t  was e s ta b lis h e d  th a t  
c o n id ia  o f  V. m al thou  s e i  germ inate r e a d i ly  on a range o f  common 
la b o ra to ry  ag a r m edia, i n  s t e r i l i s e d  s o i l  and i n  th e  p resence  o f  
mushroom mycelium ex u d ate . F o r th e  g e rm in a tio n  o f  co n id ia  in  th e  
absence o f  exogenous n u t r i e n t s ,  tw ice-w ashed spo res suspended in  
d i s t i l l e d  w a te r were u sed  and germ in a tio n  e s tim a ted  i n  w a te r  and 
on  p la in  ag ar (T ab le  20) .  C le a rly  s u f f i c i e n t  n u tr ie n ts  to  support 
a  h i ^  r a t e  o f  g e rm in a tio n  o f  washed V. m alth o u se i co n id ia  a re  
p re se n t in  p la in  a g a r . Reduced g erm ina tion  le v e l s  in  w a te r a re  
due e i t h e r  to  many o f  th e  spores p o sse ss in g  a requ irem ent f o r  exogenous 
n u t r ie n ts  f o r  germ ination  o r  to  th e  lo s s  o f  e s s e n t ia l  m a te r ia l s  from 
spores d u rin g  w ashing .
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Table 20 G erm ination o f  washed V. m althousei
c o n id ia  inoubated  in  w a te r o r  on p la in  a g a r .
P ercen tage  G erm ination o f  R e p l ic a te s
D is t i l l e d w ater P la in  ion- agar
4 5 .7 55 .2 99.0 94.5 96.1
32.0 57.3 85.3 97.1 94.6
27 .4 15.5 95.0 87.0 96 .5
4 1 .5 32.6 95.0 91.8 86 .7
22.9 13.9 60 .7 91.5 95.1
18 .1 39.5 80 .7 94.6 91 .1
61 .3 80 .0 98.7 86 .1
84 .1
To t e s t  t h i s  l a t t e r  su g g es tio n , c o n id ia  were renoved
m echan ically  from a 7-day c u l tu re  o f  V. m althousei by c a r e f u l ly
a
to uch ing  spore-m asses w ith^nichrom e w ire . These c o n id ia  were 
suspended i n  d ro p le ts  o f  w ater a t  approx im ate ly  5 % 10^ spo res/m l 
and in cu b ated  on g la s s  s l id e s .  The r e s u l t s  ( Table 2 l)  show th a t  
g erm ina tion  o f  such  co n id ia  in  w a ter i s  f u r th e r  reduced , in d ic a t in g  
t h a t  over 90^ o f  V. m althousei c o n id ia  have a requ irem en t f o r  
e x te rn a l  n u t r i e n ts  f o r  g e rm in a tio n . R epeated w ashing o f  ^ o r e s  
(T ab le  22, P ig .  8) does n o t reduce germ in a tio n  su g g es tin g  th a t  
e s s e n t ia l  n u t r i e n t s  a re  no t removed from  c o n id ia  which have th e  
c a p a c ity  to  g e m in a te .
The p o s s i b i l i t y  t h a t  o th e r  n u t r i e n t s  a re  removed d u rin g  washing
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Table 21
m echan ically  from c u l tu re s  o f  V. m althousei 
and incu b ated  in  w a te r o r  on m alt a g a r .
In cu b a tio n  No. germ inated No. ungerm inated P ercen tag e
medium spores spores g e m in a tio n
Water 21 199 9 .5
M 17 212 7 .4
M 19 208 8 .4
M alt agar 202 2 99.0
T able  22 Percen tage  g erm ina tion  o f  washed 
co n id ia  o f  V. m a lth o u se i.
No. In c u b a tio n  No. germ inated No. ungerm­ P ercen tage
washes; medium spores in a te d  spores g erm ination
2 W ater 42 83 33 .6
4 " 30 70 30.0
6 " 61 133 31 .6
8 35 91 27.8
10 44 87 3 5 .6
12 " 58 124 31 .9
2 M alt ag ar 134 12 91 .8












6 8 100 4 122
No. washes
F ig .B  The e f f e c t  o f  re p e a te d  w ashing on th e  germ ination  o f  c o n id ia  
o f  7 ,  m a lth o u se i.
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was f u r th e r  examined u s in g  th e  approach o f  Lingappa and Lockwood 
( 1964) who showed f o r  sp ec ie s  o f  P u c c in ia . G-lomer e l i a  and Neuro spora 
t h a t  n u t r i e n t s  i n  the  exudate  from sp o re s  i n  s o i l  s tim u la te d  a 
3 10 f o ld  in c re a s e  i n  numbers o f  s o i l  b a c te r ia #  j l  washed suspen­
s io n  o f  7# m althousei c o n id ia  c o n ta in in g  approx im ate ly  8 .4  z  10^ 
sp o res/m l was d is t r ib u te d  a s e p t i c a l ly  in  2 ml# a liq u o ts  to  s ix  
s t e r i l e  b o i l in g  tu b e s  c o n ta in in g  5 g# f r e s h  s o i l  (u p  to  2 mm# 
p a r t i c l e  s iz e  and a t  38*5^ o f  maximum w a te r-h o ld in g  c a p a c ity )  and 
to  s ix  tu b e s  o f  s im i la r  s o i l  s t e r i l i s e d  by  h e a tin g  to  121 C f o r  
two hours i n  an au toclave#  I n i t i a l l y  and a f t e r  tw enty  fo u r  hours 
d i lu t io n  p la te  co u n ts  o f  b a c te r i a  were made i n  n u t r ie n t  ag ar 
(T ab le  23) • The e f f e c t  o f  adding  c o n id ia  i s  very  s im ila r  to  th a t  
o f  add ing  w a te r  -  th e  p e rcen tag e  in c re a s e  in  s o i l  b a c te r ia  a f t e r  
tw enty  f o u r  hours exposure  to  c o n id ia  o r  w a te r  a lone  b e in g  64*0 
and 68#2 r e s p e c t iv e ly  -  and a lth o u g h  o n ly  th re e  r e p l i c a t e s  p e r  
tre a tm e n t were used  the  r e s u l t s  do no t compare w ith  th o se  o b ta in ed  
by Lingappa and Lockwood ( 1964) ,  su g g es tin g  th a t  s ig n i f ic a n t  lo s s  
o f  n u t r i e n t s  from washed c o n id ia  o f  7# m althousei in  s o i l  does not 
occur#
b# Snore germ ination  in  c a s in g  e x t r a c ts
The e f f e c t  o f  w a te r e x t r a c t s  o f  s o i l  bn germ in a tio n  o f  7# m althousei 
c o n id ia  was examined# A liq u o ts  o f  100 m l. d i s t i l l e d  w a te r were 
added t o  two f la s k s  c o n ta in in g  30 g o f  2 mm# s ie v e d , s t e r i l i s e d  
(121  C f o r  n in e ty  m inutes) and n o n - s te r i l i s e d  f r e s h  s o i l  c o n ta in in g
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Table 23
Numbers o f  b a c t e r i a l  c o lo n ie s  o b ta in e d  from so il#
Inoculum
W ater


































2 ^ 0  m oisture# Both were shaken and allow ed to  s tan d  f o r  tw e n ty - 
fo u r  hours a t  24 0 when e x t r a c ts  were d ecan ted , c e n tr ifu g e d  a t  
4000 z^m# and s t e r i l i s e d  by membrane f i l t r a t i o n #  a n o th e r f l a s k  
o f  unheated  s o i l  was incubated  fo r  f iv e  m inutes o n ly  be fo re  
e x tra c tio n #  a  s im ila r  s e r ie s  o f  e x t r a c ts  were p repared  from s o i l  
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mixed w ith  an eq u a l volume o f  washed spore suspension  o f  V. m althousei 
and d ro p le ts  were incubated  on g la s s  s l id e s*  E x tra c ts  o f  non- 
s t e r i l e  s o i l s  by bo th  methods (T ab le  24) showed an in c re a s e  i n  
germ ination  (67  -  7 ^ )  over d i s t i l l e d  w a ter c o n tro ls  (43^) w hile  
e x tr a c ts  o f  s t e r i l i s e d  s o i l s  showed h ig h e r le v e ls  o f  g erm ina tion  
due e i t h e r  to  d e s tru c t io n  o f  in h ib i to r s  o r  to  in c re a se d  concen­
t r a t io n s  o f  n u tr ie n ts  due to  a u to c la v in g .
Varying th e  tem pera tu re  o f  th e  tw en ty  fo u r hour e x tr a c t io n  
p e rio d  (T ab le  23) demonstra tëd .1  th a t  g e m in a tio n  was promoted 
excep t a t  24 C b u t th e  r e s u l t s  a t  t h i s  tem peratu re  a r e  v a r ia b le  
( s e e  Table 24)* F a i lu re  to  s tim u la te  germ ina tion  by e x tra c t io n  o f
Table 25 G erm ination o f  c o n id ia
o f  V. m althousei i n  s o i l e x t r a c t s .
E x tra c tio n No* germ­ No. ungerm­ P ercen tage
Tem perature (C .) in a te d  sp o res in a te d  spores germ ination
1 198 33 85 .7
11 165 40 80 .5
24 58 150 27.9
45 171 57 75.0
C onidia in  w ater 60 160 27 .4
s o i l  m ain ta ined  a t  24 C co u ld  be r e la te d  to  m ic ro b ia l a c t i v i t y  a t  
t h i s  tem p era tu re  compared w ith  o th e r  t re a tm e n ts . Such a c t i v i t y  
could d e p le te  s o i l  and th e  w a te r e x t r a c t  o f  so lu b le  n u t r i e n ts  o r
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r e s u l t  in  th e  p ro d u c tio n  o f  m a te r ia ls  which d i r e c t l y  i n h ib i t  germ­
in a t io n .  The s im i la r i ty  between th e  r e s u l t s  f o r  th e  24 C e x tr a c t  
and th e  d i s t i l l e d  w a ter c o n tro l  sug g ests  t h a t  th e  fozm er c o n id it io n  
may be o p e ra t iv e .  High germ ination  v a lu es  o f  e x tra c ts  i n  th e  p rev io u s  
experim ent could  be due to  in c re a se d  n u t r ie n ts  o r  reduced f u n g is ta t ic  
m a te r ia ls  e x tra c te d .
The e f f e c t  o f  a mushroom sporophore exudate  and h e a t tre a tm e n t 
on w a te r e x t r a c ts  o f  u n s t e r i l i s e d  s o i l  and p e a t was n e x t exam ined. 
W ater e x t r a c ts  o f  n a tu ra l  and s t e r i l i s e d  s o i l  and p e a t c as in g  m a te r ia l  
were p rep a red  as b e fo re  a t  24 C and s t e r i l i s e d  by membrane f i l t r a ­
t i o n .  P a r t  o f  th e se  e x t r a c ts  o f  n o n - s te r i le  c a s in g  were th e n  h ea ted  
a t  121 C fo r  one hour in  an  a u to c la v e , a  mushroom exudate  s o lu t io n  
p rep ared  by p la c in g  30 g young b u tto n  sporophores cap downwards 
in  40  m l. d i s t i l l e d  w a ter i n  a c r y s t a l l i s i n g  d ish  f o r  tw enty  fo u r  
hours was a ls o  s t e r i l i s e d  by f i l t r a t i o n ,  a l iq u o ts  o f  1 ml o f  a 
washed suspension  o f  V. m althousei spores were mixed w ith  eq u a l 
volumes o f  th e  e x t r a c t s ,  a f t e r  which was added 1 m l. w ater o r  
mushroom exudate as  d e ta i le d  i n  Table 26 .  a f t e r  in cu b a tio n  f o r  
f i f t e e n  hours a t  24 C on g la s s  s l i d e s ,  th e  p e rcen tag e  g erm ina tion  
o f  spo res was determ ined, a t  l e a s t  two hundred spo res b e in g  counted  
in  th e  germ ina tion  a ssa y . The experim ent was re p e a te d  tw ice  excep t 
th a t  p a r t  o f  th e  e x tr a c ts  o f  n o n - s te r i l i s e d  c a s in g  were h ea ted  a t  
100 C f o r  t h i r t y  m in u tes . The r e s u l t s  f b r  a l l  th re e  experim ents 
a re  l i s t e d  in  T able 26 .
The germ ination  r a t e  o f  T . m a lthousei c o n id ia  i n  e x tra c ts  o f
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u n s te r i l i s e d  s o i l  was co n sid e ra b ly  in c re a se d  by mushroom sporophore 
exudate su p p o rtin g  e a r l i e r  su g g es tio n s  o f  r e le a s e  o f  m e ta b o lite s  
by mushroom hyphae in  ca s in g  ( s e e  T a b le s lO ,l l  and 1 2 ) .  The r e s u l t s  
from p e a t  a re  s im i la r  b u t l e s s  marked. E x tra c ts  o f  n o n - s te r i l e  
s o i l  and p e a t  h e a te d  to  100 C f o r  t h i r t y  m inutes su p p o rt l e s s  germ­
in a t io n  th an  e x tra c ts  h ea ted  to  121 C f o r  s ix ty  m inutes o r  e x t r a c t s  
o f  s t e r i l i s e d  s o i l ,  su g g es tin g  th a t  sev e re  h e a t tre a tm e n t i s  re q u ire d  
to  b reak  down f u n g is ta t i c  compounds o r  to  r e le a s e  s u f f i c i e n t  n u t r ie n ts  
to  support spore g e rm in a tio n .
The v a r ia b le  r e s u l t s  o b ta in e d  w ith  w a ter e x t r a c ts  o f  s o i l  
support th e  co n c lu s io n  by Lockwood ( 1964) t h a t  t h i s  method i s  
in h e re n tly  u n s u ita b le  f o r  exam ining s o i l  f u n g i s t a s i s .  a lth o u g h  
Jackson (1958) and Dobbs, Henson and Bywater ( 196O) co n sid e red  
th a t  th e  a g a r d isc  method o f  d e te c tin g  s o i l  f u n g is ta s i s  was l e s s  
s e n s i t iv e  th an  g la s s  s l id e  and 'ce llophane*  tech n iq u es , Lockwood 
and Lingappa (1963) concluded th a t  th e  m ethods were com parable.
Since th e  ag ar b lo ck  tech n iq u e  i s  th e  most re p ro d u c ib le  one in  
p r a c t ic e ,  i t  w&s a p p lie d  to  V. m althousei sp o re s .
c .  The use o fe g a r  b lo c k s  to  s tu d y  spore 
germ ina tion  in  c a s in g  m a te r ia ls .
Two d is c s  7 .5  z  1 .5  mm. were c u t  from p e t r i - d i s h e s  c o n ta in in g  
10 m l. p la in  a g a r ( l.2 %  Oxoid io n -a g a r)  and p laced  on 2 x  2 cm. 
squares o f  f i l t e r  paper on th e  su rfa ce  o f  f r e s h  s o i l  ( 2 mm. sieved^ 
80^ o f  maximum w a te r-h o ld in g  cap a c ity )  in  c r y s t a l l i z in g  d is h e s .
O ther b lo ck s were s im ila r ly  p laced  on s t e r i l i s e d  s o i l  and on s t e r i l e
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and n o n - s te r i le  p e a t c as in g  m a te r ia ls .  Two f u r th e r  b lo ck s  were 
p laced  on a s t e r i l e  g la s s  s l id e  on th e  su rface  o f  s o i l  o r  p e a t 
in  each d is h .  A f te r  fo u r  hours O.O3 m l. o f  a  susq>ens3on o f  
V. m althousei c o n id ia  was added to  each b lock  and th e  p e rcen tag e  
spore  germ ination  was determ ined a f t e r  tw enty fo u r  hours incuba­
t io n  a t  24 C. The r e s u l t s  (T ab le  27) show th a t  th e  germ ination  
r a t e  i s  co n s id e rab ly  reduced on b lo ck s  in  c o n ta c t w ith  n o n - s te r i le
T able 27 G erm ination o f  V. m althousei
co n id ia  on b lo ck s  in cu b ated  on s o i l  and n e a t .
Treatm ent o f  b lo ck s  f  T T .  P ercen tag e
germ inated ungerm inated germ ination
H b n -s te r ile  s o i l  77 129 37 .4
N o n -s te r i le  p e a t 109 I 6I  4 0 .4
S te r i l i s e d  s o i l  147 6 l  70 .7
S te r i l i s e d  p e a t 162 83 66 .1
p e a t and s o i l .  The absence o f  v o l a t i l e  in h ib i to r s  was in d ic a te d  
by h i ^  r a te s  o f germ ination  o f  spores in cu b a ted  on b lo ck s  on 
g la s s  s l id e s  in  th e  c r y s t a l l i s i n g  d is h e s . F u r th e r  work showed 
th a t  b lo ck s  p laced  on s o i l  f o r  fo u r  to  tw en ty  fo u r  hours and then  
removed fo r  germ ination  a ssay  on ^ a s s  s l id e s  produced s im ila r  
r e s u l t s  (T ab le  28, F ig . 9)# A ll  f u r th e r  work w ith  ag ar b lo ck s  on 








Bpeincubaticrn p e rio d  on s o i l  ( h r )
F ig ,9 G erm ination o f  T . m alth o u se i on ag ar b lo ck s  p re in cu b a ted  on 
s o i l  f o r  d i f f e r e n t  periodss.
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Table 28 G erm ination o f  c o n id ia  o f  T . m althousei 
on p la in  ag a r b lo ck s  p re in cu b a ted  on 
s o i l  f o r  v a r io u s  tim e i n t e r v a l s ._____
In c u b a tio n  on 







































fo llow ed  by removal o f  b lo ck s  f o r  germ ination  a ssa y  u n le s s  o th e rw ise  
s ta t e d .
The removal o f  b locks from s o i l  b e fo re  spo res were added in d i ­
c a te s  th a t  fu n g is ta s is  does n o t depend on a con tinuous p ro d u c tio n  
o f  in h ib i to r s  o r  a con tinuous d if f u s io n  o f  n u t r ie n ts  in to  s o i l  
( Lockwood 1964) du ring  th e  germ ination  in c u b a tio n  p e rio d , b u t once 
th e  p ro cess  has reached  e q u ilib r iu m , th e  e f f e c t  c an  be assayed  in  
th e  absence o f  s o i l .
d .  The e f f e c t  o f  d ia ly s i s  o f  p la in  agar b lo ck s  on spore germ ina tion  
I f  n u tr ie n ts  p re se n t in  ag a r b lo ck s  on s o i l  d if f u s e  o u t, th u s
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d e p le t in g  th e  ag a r o f  exogenous n u t r ie n ts  e s s e n t ia l  f o r  spore ger­
m in a tio n , s im ila r  r e s u l t s  would be expected  u s in g  ag ar b lo c k s  f re e d  
o f  such n u tr ie n ts  by d ia ly s is  (Lockwood 1964). D i s t i l l e d  w a ter was 
o i r c u la te d  f o r  one hou r, through a le n g th  o f  washed *Visking* 
d ia ly s i s  tu b in g , 40 x 2 cm ., jo in e d  by p l a s t i c  tu b in g  to  a 6 L 
r e s a v o ir ,  b y  a p ro p e llo r - ty p e  pump having  o n ly  s t a in le s s  s te e l  
immersed p a r t s .  The d i s t i l l e d  w a te r was changed, c i r c u la t io n  
recommenced and p la in  agar b lo ck s  were p laced  on th e  tu b in g  fo r  
tw enty  fo u r  hours in  an atm osphere o f  h ig h  hum id ity  to  p rev en t 
d ry in g . Two o f  th e se  b locks were th en  each p laced  on a f r e s h  c u t  
b u tto n  mushroom, f i l t e r  papers soaked in  2^ g lucose  s o lu t io n  and 
^ a s s  s l id e s  m ain ta ined  in  hum idity  cham bers, a f t e r  tw enty  fo u r 
hours a l l  b lo ck s  were p laced  on in d iv id u a l  g la ss  s l id e s  in  danp 
chambers and a spore suspension  o f  V. m althousei added. The r e s u l t s  
reco rd ed  in  T able 29 show th a t  th e  rénovai o f  d i f f u s ib l e  n u t r ie n ts  
by d ia ly s i s  caused a g re a t  re d u c tio n  in  the  r a t e  o f  spore  germ ina­
t io n  which i s  r e s to re d  by c o n ta c t w ith  a mushroom sporophore and 
to  a l e s s e r  degree by  27» ^ u c o s e  s o lu t io n ,  p ro v id in g  su p p o rt fb r  
Lockwood's h y p o th es is  th a t  f u n g is ta s i s  as demonstjratecH i n  agar 
b locks cou ld  be caused  by la c k  o f  n u t r i e n t s .
To determ ine i f  p a te  o f  spore  g e rm in a tio n  depended on the  
le n g th  o f  the  p e rio d  o f  d ia ly s i s ,  b locks were d ia ly se d  f o r  a range 
o f  tim e in te r v a l s  and t r a n s fe r r e d  to  g la s s  s l id e s  f o r  a spo re  
germ in a tio n  assay  as b e fo re .  The r e s u l t s  a re  shown in  T able  3O 
and P ig .  10 . S im ila r  v a lu es  were o b ta in ed  u s in g  a  con tinuous flow
8 8
T able  29# G erm ination o f  V. m alth o u se i
c o n id ia  on d ia ly s e d  p la in  a g a r b locks#
Treatm ent
No. spo res No. sp o res  Percen tage 
germ inated ungerm inated germ ination
D ialysed  b lo ck  6
D ialysed  b lo c k  on mushroom 268
D ialysed  b lock  on 27» g lucose 149









Table 30 G erm ination o f  c o n id ia  o f  V. m althousei 
on p la in  ag ar b lo ck s  d ia ly se d  w ith  
d i s t i l l e d  w a ter f o r  v a rio u s  tim e i n t e r v a l s ,
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D ia ly s is  p e rio d  (h r )
P ia .lO  G erm ination o f  V. m althousei c o n id ia  on p la in
a g a r b lo ck s  d ia ly se d  w ith  r e c i r c u la te d  d i s t i l l e d  
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D ia ly s is  p e rio d  (h r )
F i g . l l  G erm ination o f  V. m althousei c o n id ia  on p la in  
ag ar b lo ck s  d ia ly s e d  w ith  ta p  w ater f o r  v a rio u s  
tim e in te r v a l s .
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o f  ta p  w ater i n  p la c e  o f  r e c i r c u la te d  d i s t i l l e d  w a ter (T ab le  31»
F i g . n ) .
Table 31 G erm ination o f  c o n id ia  o f  V. m althousei 
on p la in  ag ar b lo ck s d ia ly se d  w ith  
ta p  w ater fo r  v a rio u s  tim e in te r v a l s
D ia ly s is  tim e No* spores No* spores P ercen tage
(h o u rs) germ inated ungerm inated g erm ination
0 203 6 97.1
1 207 52 79.9
2 93 108 46 .3
3 63 158 28*5
4 46 171 21*2
5 30 179 14 .4
6 20 254 7.3
The p ro g re s s iv e  re d u c tio n  i n  th e  r a t e  o f  spore germ ination  w ith  con­
tin u e d  d ia ly s is  in  s im ila r  a f t e r  fo u r  hours to  the v a lu es  o b ta in ed  
f o r  a g a r b lo ck s  p la ce d  on s o i l  f o r  v a r io u s  tim e in te r v a l s  ( s e e  
T able 28, Fig* 9) a l t h o u ^  f u r th e r  d ia ly s i s  r e s u l t s  in  a g re a te r  
re d u c tio n  in  germ ination*
e* The e f f e c t  o f  n u tr ie n ts  on spore germ ination  on ag ar b locks 
To f u r th e r  examine d ia ly s e d  ag ar o r  agar b lo ck s  exposed to  
s o i l  f o r  lo s s  o f  n u t r i e n ts ,  th e se  b lo ck s  were p laced  on p la in  agar 
o r  d ia ly se d  p la in  ag ar d is c s  f o r  one hour p r io r  to  th e  a p p lic a t io n
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o f  spo res and allow ed to  rem ain d u rin g  th e  in c u b a tio n  p e r io d . T ab le  
32 g iv es  the  d e t a i l s  o f  tre a tm en ts  to g e th e r  w ith  the  spore germinar- 
t i o n  v a lu e s . The experim ent was re p e a te d  tw ice w ith  s im ila r  r e s u l t s .
T ab le  32 G erm ination o f  V . m althousei
c o n id ia  on p la in  ag a r b lo c k s
Treatm ent o f  No. spo res No. spo res Percen tage
* p la in  agar b locks germ inated ungerm inated germ ination
1 D ia lysed  b lo ck  109 99 52 .4
2 D ia lysed  b lock  p laced  191 11 94*6
on b lo ck
3 D ia lysed  b lock  from s o i l  109 102 51»7
4  D ia lysed  b lock  from s o i l  189 11 94*5
p laced  on b lock
5 D ia lysed  b lo ck  from s o i l  80 123 39*4
p la ce d  on d ia ly se d  b lo ck
6 Block from s o i l  113 l l 6  49*3
7 Block from s o i l  p laced  203 13 94*0
on b lo ck
8 Block from s o i l  p laced  98 104 4 8 .5
on d ia ly sed  block
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C le a r ly  m a te r ia ls  d i f f u s in g  from p l a i n  a g a r  can  overcom e s o i l  f u n g i­
s t a s i s  in  b lo c k s  exposed to  s o i l  ( t r e a tm e n ts  4  and 7 )#  I f  i n h i b i ­
to r y  m a te r ia ls  d i f f u s in g  from  s o i l  in to  b lo c k s  a re  th e  o n ly  f a c t o r s  
in v o lv ed  i n  f u n g i s t a s i s  th e n  tre a tm e n t 3 sh o u ld  show red u ce d  germ ina­
t i o n  com pared w ith  c o n t r o l s ,  w h ile  th e  r e d i s t r i b u t i o n  o f  such  m a te r ia ls  
m ight be e x p e c te d  t o  in f lu e n c e  th e  r e s u l t  i n  tr e a tm e n t  5 w hich showed 
th e  lo w e s t p e rc e n ta g e  g e rm in a tio n . The absence o f  such  e f f e c t s  i n  
c o n ju n c tio n  w ith  o th e r  r e s u l t s  o b ta in e d  u n d e r l in e  th e  r e l a t io n s h ip  
betw een g e rm in a tio n  and a v a i l a b i l i t y  o f  n u t r i e n t s  i n  s o i l  f u n g i s t a s i s .
To o b ta in  an  i n d i c a t io n  o f  th e  q u a n t i ty  o f  n u t r i e n t s  r e q u ire d  
to  su p p o r t sp o re  g e rm in a tio n , an a s sa y  was c a r r i e d  o u t to  d e te rm in e  
th e  ran g e  o f  ^ u c o s e  c o n c e n tr a t io n s  r e q u ir e d  to  prom ote germ ina­
t i o n  o f  w ashed c o n id ia  o f  V. m a lth o u s e i .  These w ere suspended in  
d i s t i l l e d  w a te r  c o n ta in in g  0 .0 1  -  1000 ppm *analar*  d e x tro se  on 
g la s s  s l id e s  a t  24 C f o r  f i f t e e n  h o u rs  (T a b le  33» F i g .  12) •
T ab le  33
V.
G erm in a tio n  o f  c o n id ia  o f  
m a lth o u se i i n  g lu c o se  s o lu t io n s
G lucose c o n c e n tra t io n  No. sp o re s No. sp o re s P e rc e n ta g e
(ppm) g e m in a te d ungerm inated g e rm in a tio n
0 36 121 22.9
0 .01 46 135 25 .4
0 .1 52 105 33 .1
1 .0 - — -  $
10.0 85 108 4 4 .0
100.0 78 61 56.1
1000.0 110 98 52 .9
M alt a g a r 245 13 95.0
e
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F ig . l2  The e f f e c t  o f  g lu co se  on  th e  germ in a tio n  o f  V. m althousei 
c o n id ia .
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S im ila r  r e s u l t s  were o b ta in ed  in  re p e a te d  experim ents when d ia ly se d  
p la in  ag ar b lo c k s , a f t e r  exposure to  s o i l ,  f o r  0 - 2 4  h o u rs , were 
f lo a te d  in  0 .1  m l. g lucose  s o lu tio n s  on g la s s  s l id e s  (T ab le  34,
P ig .  13) .  When th e se  combined r e s u l t s  were su b jec ted  to  an a n a ly s is  
o f  v a r ia n c e , the  d if f e r e n c e s  between th e  fo u r  treatm ents^ were found 
n o t s ig n i f ic a n t  a t  th e  /̂o l e v e l  o f  p ro b a b i l i ty  u s in g  th e  v a r ia n c e -  
r a t io  t e s t .  G lucose c o n c e n tra tio n s  o f  10 ppm. and above c o n s is te n t ly  
in c re a se d  the  r a t e s  o f  germ ination  i r r e s p e c t iv e  o f  th e  d u ra tio n  o f  
exposure to  s o i l ,  which i s  d i f f i c u l t  to  e x p la in  i f  f u n g is ta t i c  
f a c to r s  a re  p re s e n t in  th e  a g a r, s in ce  glucose c o n ce n tra tio n s  
re q u ire d  to  annul f u n g is ta s i s  in  d ia ly s e d  b lo ck s  exposed to  s o i l  
should  be h ig h e r  th an  th o se  re q u ire d  by d ia ly se d  a g a r .
f • N u tr ie n t c o n ten t o f  e x t r a c ts  o f  ag a r b lo ck s  and s o i l .
While d ia ly s i s  experim ents p rov ide  su p p o rtin g  ev idence f o r  
th e  in te r p r e ta t io n  o f  s o i l  fu n g is ta s i s  in  term s o f  d e f ic ie n c y  o f  
n u t r i t io n a l  f a c to r s  n ecessa ry  f o r  spore g e rm ina tion , f u r th e r  p re ­
r e q u is i t e s  f o r  th e  accep tance o f  t h i s  concept a re  p ro o f o f removal 
o f  such m a te r ia ls  from p la in  ag ar when exposed to  s o i l  and th e  
enrichm ent o f  the n u t r i t io n a l  s ta tu s  o f  s o i l  d u rin g  s t e r i l i s a t i o n .  
Evidence along th e se  l in e s  was sought by  d e te rm in a tio n  o f  th e  
hexose c o n te n t o f  w ater e x t r a c ts  o f  p la in  ag ar and s o i l ,  as an index  
o f  n u t r i e n t  s t a t u s ,  u sing  the p h en o l-su lp h u ric  a c id  c o lo u rim e tr ic  
method ( w h is t le r  and Wolfrom 1962) .
A n a ly tic a l grade reag en ts  and *Decon* washed, d u s t-p ro te c te d
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Table
G erm ination o f  7 .  m althousei co n id ia  on 
d ia ly se d  p la in  agar b lo ck s  t r e a te d  w ith  
g lucose s o lu tio n s  a f t e r  in c u b a tio n  on s o i l
G lucose P re in c u b a tio n  p e rio d  on s o i l  (h r )
oonc. (ppm) 0 8 16 2U
0 22.0 21 .8 18 .4 19 .9
0 .01 31 .1 17.0 34 .4 31 .7
0 .1 19.5 34 .8 22.2 32.0
1 .0 24.7 35.5 43 .3 35 .4
10 54.1 56.3 71.2 53.4
100 60.5 74.5 72.0 83.9
1000 61.7 76.0 75.2 84 .7
*
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1000
F ig .13 G erm ination o f  V. m althousei c o n id ia  on d ia ly sed  p la in  agar 
b lo ck s  t r e a te d  w ith  g lucose  s o lu tio n s  a f t e r  in c u b a tio n  on 
s o i l  f o r  d i f f e r e n t  p e r io d s .
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^ a s s w a r e  w ere u se d  th ro u g h o u t. H exose c o n c e n tra t io n s  w ere  m easured 
a g a in s t  g lu c o se  s ta n d a rd s  and w ere exp ressed , a s  e q u iv a le n t  to  
g lu c o se  c o n c e n t r a t io n s .  The m ethod m easured  o v e r th e  ra n g e  
10 -  70  p g  g lu c o se /m l w ith  an  a c c u ra c y  o f  -  2?5 ( w h i s t l e r  and  Wolfrom 
1 9 6 2 ) .  To m easure c o n c e n tr a t io n s  l e s s  th a n  10 ja g /m l.,  e ach  a l iq u o t  
o f  e x t r a c t  was augm ented w ith  20 ;ig  g lu c o se /m l ( e . g .  F ig ,  1 4 ) .  The 
t e s t  s o lu t io n s  w ere s u i t a b ly  d i l u t e d  to  c o n ta in  0 -  $0 ^ g /m l .  
A liq u o ts  o f  1 m l. w ere p ip e t te d  in to  b o i l i n g  tu b e s  and m ixed w ith  
1 ml o f  a  s o lu t io n  c o n ta in in g  5^ p h e n o l and 20 pig/ml g lu c o s e .  Each 
tu b e  was a g i t a t e d  i n  a  s ta n d a rd  m anner a f t e r  5 ml 96% s u lp h u r ic  
a c id  was ad d ed . The tu b e s  w ere a llo w ed  to  c o o l  to  room te m p e ra tu re  
f o r  s i x t y  m inu tes  and th e  a b so rb a n c e s  w ere re a d  a t  4 9 0  ju on a  
Unicam SP600 sp e c tro p h o to m e te r . A l l  d e te rm in a tio n s  w ere c a r r i e d  
o u t  i n  t r i p l i c a t e  to  a llo w  e x c lu s io n  o f  a n o m a lie s  due to  a c c id e n ta l  
c o n ta m in a tio n  (O ades I 96 7 ) and th e  r e s u l t s  a v e ra g e d . The c o n c e n tra ­
t i o n  o f  h ex o ses  i n  th e  t e s t  s o lu t io n  was o b ta in e d  a s  th e  g lu c o se  
e q u iv a le n t  by  r e f e r e n c e  to  th e  s ta n d a rd  c u rv e  ( e . g .  F i g .1 4 ) .
A ir - d r ie d  s o i l  ( lO g .)  o f  p a r t i c l e  s iz e  up to  2 mm, w hich 
had b een  s to re d  f o r  s e v e r a l  m onths, was p la c e d  i n  each  o f  two 
screw -cap  b o t t l e s  and h e a te d  to  121 C f o r  t h i r t y  m in u tes  i n  an 
a u to c la v e ,  a f t e r  w hich 2 ml d i s t i l l e d  w a te r  was ad d ed . A s im i la r  
volume o f  s o i l  k e p t m o is t f o r  f o u r  weeks p r e v io u s ly  was p la c e d  i n  
each  o f  two more b o t t l e s  and  10 ml d i s t i l l e d  w a te r  added . A l l  
s o i l s  w ere shaken v ig o ro u s ly  f o r  t h i r t y  m in u tes  on  a  m ech an ica l 
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Glucose c o n c e n tra tio n  ( jig/ml)
F ig .1 4  Specimen s tan d a rd  curve from anatLysis; o f  s tan d a rd  
s o lu tio n s  o f  ^ u c o s e ,  u s in g  p h en o l-su lp h u ric  a c id  
method w ith  phenol s o lu tio n  augmented w ith  20 jug/ml 
g lu co se .
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s t e r i l i s e d  by membrane f i l t r a t i o n .  Four te n fo ld  d i lu t io n s  o f  th e  
e x tr a c ts  were made and th e  c o n c e n tra tio n s  o f  so lu b le  hexoses 
were determ ined . The experim ent was re p e a te d  tw ic e , h e a tin g  
d r ie d  s o i l  f o r  f i f t e e n  m inu tes on ly  and u s in g  s o i l  m oistened 
fo r  f iv e  and s ix  weeks r e s p e c t iv e ly .  In  a d d itio n  d ry  s to re d  
s o i l  was e x tr a c te d  w ith o u t h e a t  tre a tm en t and s o i l s  m oistened 
p r io r  to  the  experim en t were e x tra c te d  a f t e r  h e a t tre a tm e n t. The 
r e s u l ts ,  i n  T able  35 show th a t  s t e r i l i s a t i o n  o f  d ry  o r  m oist s o i l  
in c re a se s  the  c o n te n t o f  so lu b le  hexoses measured as g lu co se , 
confirm ing  th e  o b se rv a tio n s  o f  Kb and Lockwood ( 1967)* E x t r a c ts  
o f  d ry  s to re d  s o i l  a lso  had a g r e a t ly  in c re a se d  n u t r i e n t  c o n ten t 
compared w ith  m o ist s o i l .
E x tra c ts  o f  ag ar b lo ck s  used in  th e  d e te c t io n  o f  s o i l  fu n g i-  
s t a s i s  w ere n ex t examined f o r  so lu b le  hexose c o n te n t . P la in  
*ion-agar* d is c s  were d ia ly s e d  over ta p  w a ter and p la ce d  in  groups 
o f  s ix  in  c r y s ta l l i z in g  d ish es  on wadied d ia ly s is  membranes co v erin g  
s t e r i l i s e d  o r  u n tre a te d  m oist s o i l .  Care was tak en  to  ensure t h a t  
no bubbles were trap p ed  between the  ag ar and membrane and in tim a te  
c o n ta c t betw een membrane and s o i l  was achieved by  co v erin g  th e  
blocks'' w ith  a sm all in v e r te d  p e t r i - d i s h ,  p re s s in g  th e  membrane 
in to  th e  s o i l  ( F ig .15) . U ndia]ysed ag ar d is c s  were a lso  p laced  
over s t e r i l i s e d  and n a tu r a l  s o i l  and a l l  tre a tm e n ts  were in c u b a ted , 
f o r  tw elve hours a t  24 C. Four d is c s  from each trea tm en t to g e th e r  
w ith  u n tre a te d  d ia ly se d  and u n d ia ly sed  b locks were c a r e f u l ly  t r a n s ­
fe r r e d  to  b o i l in g  tu b es  c o n ta in in g  4  ml d i s t i l l e d  w a te r  and g e n tly
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Table 35
Solu b ie  hexose co n ten t o f  s o i l  e x tra o ts
S o il





Hexose co n ten t o f  
e x t r a c t  ■ ml 
g lucose
M oist f o r  4  weeks
M M ^ M
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M oistened p r io r  








^ ^  C ry s ta l l i s in g  d ish  
^ ^ -  Sm all in v e r te d  p e t r i - d i s h
  D ia ly s is  membrane
Agar b lock  
S o il
E ig .l5 Diagram o f  agar b lo ck s  on a d ia ly s i s  
membrane over m o is t s o i l .
a g i ta te d  f b r  t h i r t y  m inutes. The w a te r  e x t r a c ts  were d ecan ted , 
s t e r i l i s e d  by membrane f i l t r a t i o n  and so lu b le  hexoses de term ined . 
The rem ain ing  two b lo ck s  from each tre a tm e n t were p la ce d  on g la s s  
s l id e s  f o r  a  spore  g e rm in a tio n  ass% r. The experim ent was re p e a te d  
and th e  r e s u l t s  a re  shown i n  T a b le s  36 and 37 and P ig .  l 6 .  Æ 
second re p e a t  was c a r r ie d  o u t w ith  th e  b lo ck s  incubated  on s o i l  
f o r  tw eniy fb u r h o u rs , and th e  e x t r a c t s  determ ined  w ithou t 
membrane f i l t r a t i o n  (T ab le  38 , F ig .  17)* The c o e f f ic ie n ts  o f  
c o r r e la t io n  betw een spore  ge rm in a tio n  and th e  hexose c o n ten t o f  th e  
e x tr a c ts  l i s t e d  i n  T a b le s  36, 37 and 38 were 0 .7 9 , 0 .9 1  and 0 .8 9  










•  T able 3^ 
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HezDse c o n ten t o f  b lock  e x tra c ts ; ( }ig/ml g lucose)
P1&.16 G erm ination o f  T . m ^ th o u s e i co n id ia  on ag ar b lo c k s
and hexose c o n ten t (e q u iv a le n t  to  g lucose) o f  s te r i le *  
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Bexose c o n ten t o f  b lo ck  e x t r a c ts  ( ^ g /m l g lucose)
Fig*17 G-ermination o f  7 .  m althousei c o n id ia  on agar b lo ck s
and hexose c o n ten t I e q u iv a le n t to  glucose} o f  u n s te r i l i s e d  
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degrees o f  freedom)*
S ev era l p o in ts  emerge from th e se  experim ents* In  each t r e a t -
b y
ment low germ ination  r a te s  were p a ra lle led ^ lo w  v a lu es  f o r  so lu b le  
hexoses e x tra c te d *  The c o n c e n tra tio n  o f  th e se  m a te r ia ls  appears 
to  be c r i t i c a l  over th e  range 32 -  36 fig^ml* f o r  T ab le s  36 and 
37 and 3 4 - 4 3  /ig^ml* fo r  T ab le  38 u s in g  a d i f f e r e n t  method*
While d ia ly s e d  and u n d ia ly sed  a g a r took  up so lu b le  hexoses from 
s t e r i l i s e d  s o i l ,  confirm ing th e  r e s u l t s  o b ta in ed  fo r  s o i l  e x t r a c ts  
( s e e  Table 3 5 ) , d ia ly se d  agar was n o t en rich ed  s u f f i c i e n t ly  to  
support spo re  germ ina tion  when p laced  on n a tu ra l  s o i l*  U ndialysed 
ag a r was d e p le te d  o f  so lu b le  hexoses when p laced  on s o i l ,  s u f f i c i e n t ly  
in  Table 36 and 37 to  m arkedly reduce th e  r a t e  o f  spore  germ ination*
In  each tre a tm e n t, spore germ ina tion  va lu es  a re  r e f le c te d  i n  th e  
hexose c o n c e n tra tio n  o f  the e x tra c ts *  The r e s u l t s  o f  t h i s  wozk 
c le a r ly  show th a t  spore g e rm in a tio n  in  s o i l  and on ag a r b lo ck s  
used f o r  th e  d e te c t io n  o f  f u n g is ta s i s ,  i s  c o n tro l le d  by th e  le v e l  
o f  exogenous n u tr ie n ts *  W hile th e  p resence  o f  a  d i f f u s ib le  m icro - 
b ia lly -p ro d u c e d  in h ib i to r  has n o t been  re fu te d ,  no evidence f o r  
i ts *  e x is ta n c e  has been produced in  any experim ent * Thus th e  
behav iou r o f  V* m althousei i n  c as in g  m a te r ia ls  can be ex p la in ed  
by th e  m a jo rity  o f  co n id ia  re q u ir in g  exogenous n u tr ie n ts  fo r  
germ ination  which a re  n o t su p p lie d  by s o i l  o r  peat*
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7 . CHEMICAL CONTROL OF V, MALTHOUSEI
Follow ing th e  recommendations o f  S inden and Yoder ( l9 4 9 ) , 
z lneb  and l a t t e r l y  o th e r  d ith io carb am ate  fu n g ic id e s , have become 
e s ta b lis h e d  in  the  mushroom indu s t r y  f o r  th e  c o n tro l o f  7 .  m althousei 
and M* p e m ic io s a * However, a su rv ey  ( Gandy 1957) showed th a t  a l ­
though w e ll o v e r h a l f  the  growers whose farm s a re  in fe c te d  w ith  
th e se  pathogens, o n ly  ai q u a r te r  o f  them ach ieve  adequate  c o n tro l 
o f  d isease*  Kheebone and Merck ( 1961) recommended an in c reased  
frequency  o f  fu n g ic id e  a p p lic a t io n  a l t h o u ^  Yoder e t  a l  (l95P ) and 
P h il ip p  ( 1963) had reco rd ed  y ie ld  re d u c tio n s  due to  fung ic ide*  From 
th e  r e s u l t s  o f  a  q u e s tio n n a ire  L as t and Gandy (l9& 5) concluded th a t  
th e  c o n tro l  o f M* n e rn ic io s a  was a s s o c ia te d  w ith  good hyg ien ic  
p r a c t ic e ,  the  d ith io ca rb am ate  fu n g ic id e s  b e in g  in e f f e c t iv e  when 
used  p ro p h y la c tic  a l l y ,  b u t may be  o f  some v a lu e  i n  th e  trea tm en t 
o f  d is e a s e d  mushrooms b e fo re  t h e i r  removal from th e  beds*
P o ss ib le  reasons f o r  t h i s  apparen t lads: o f  e f fe c t iv e n e s s  may 
be in a c t iv a t io n  o f  th e  fu n g ic id e  in  c a s in g , an in s u f f i c i e n t  con­
c e n tr a t io n  o f  fu n g ic id e  b e in g  used o r  the a q u is i t io n  o f  r e s is ta n c e  
by  th e  pathogens* No p u b lish ed  to x ic i ty  d a ta  f o r  zineb  a g a in s t th e  
mushroom and pathogens e x is t*  Comparative la b o ra to ry  d a ta  i s  a lso  
la c k in g  on th e  e f f e c t s  o f  zlneb  and th e  newer d i th io  carbam ate 
oonpounds coming in to  use* The p o s s i b i l i t y  o f  aq u ired  re s is ta n c e
to  z ineb  by  the  mushroom pathogens h as  n o t been  in v e s tig a te d *
In  th e  p re sen t s tu d y , an exam ination  was made w ith  7* m alth o u se i
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o f  th e  e f fe c t iv e n e s s  o f  z ineb  i n  p rev en tin g  in fe c t io n  o f  mushrooms 
i n  la b o ra to ry  ^  vivo t e s t s ,  the p o s s ib i l i t y  o f  aq u ired  r e s i s ta n c e ,  
th e  to x ic i ty  o f  z ineb  to  sp o res  in  s o i l  and to  determ ine w hether 
z ineb  e x e r ts  a  s p o r ic id a l  o r  s p o ro s ta t ic  a c t io n .  I n  a d d it io n  the  
s t a b i l i t y  o f  z in eb  was examined, in  p a r t i c u l a r  f o r  p o s s ib le  in a c t iv a ­
t io n  in  s o i l .  The e f f e c t  o f  z ineb  and o th e r  s e le c te d  d ith io ca rb am ate  
fu n g ic id e s  on m y ce lia l growth o f  V. m althousei and A. b isp o ru s  was 
a lso  determ ined* I n  view o f  th e  work o f  Wuest and Cole (l9 7 0 ) 
benomyl (m ethyl 1 -  (bu ty lcarbam oyl) -  2 -  benzim idazoleoarbam ate) 
in c lu d ed  in  t h i s  work*
a* The E f fe c tiv e n e ss  o f  Zineb
The v a lu e  o f  z ineb  in  p rev en tin g  in f e c t io n  o f  mushrooms by 
V* m althousei was examined in  la b o ra to ry  in -v iv o  experim ents* 
Spawn-run compost p laced  in  f iv e  in c h  d iam eter p l a s t i c  flo w er p o ts  
was cased  w ith  a 2 cm* la y e r  o f  m oist p e a t w ith  lim esto n e  sh ip p in g s  
and each o f  te n  p o ts  sprayed  w ith  l6*6  ml* o f  a 0*3^ suspension  o f  
f r e s h  V it  ax 6 ^  z ineb  w e tta b le  powder, which i s  i n  accordance w ith  
a com m ercial recommended r a t e  (ü in d en  and Yoder 1949) # F u r th e r  
groups o f  p o ts  were sprayed w ith  a  su spension  c o n ta in in g  10 and 100 
tim es t h i s  c o n c e n tra tio n , a c o n tro l tre a tm e n t b e in g  sprayed  w ith  
water* Each p o t was th en  in o c u la te d  w ith  4  ml# o f  a  suspension  
o f  sp o res  o f  V* m althousei c o n ta in in g  2 x  10^ spores/m l and 
in cu b a ted  in  the  la b o ra to ry  in  a  v e n t i la te d  p o ly thene  chamber a t  
19 -  25 C and 90 -  100^ r e l a t i v e  hum idity* A f u r th e r  s e r ie s  o f
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p o ts  was in o c u la ted  w ith  spo res th re e  days a f t e r  b e in g  t r e a te d  
w ith  fung ic ide*  W atering was c a r r ie d  o u t by s p r in k lin g , p re c a u tio n s  
b e in g  ta k en  to  p rev en t cro s s - in fe o t io n ,  th e  numbers o f  h e a l th y  and 
d ise a se d  mushrooms b e in g  reco rd ed  Arom each  p o t f o r  2 - 3  f lu sh e s*  
The experim ent was re p e a te d  and th e  combined r e s u l t s  shown i n  
Table 39 in d ic a te  th a t  s a t i s f a c to r y  d ise a se  c o n tro l  i s  n o t achieved  
a t  th e  com m ercially recommended r a t e  used*
Table 39
Numbers o f  h e a lth y  and d ise a se d  mushrooms in  
no t c u l tu re  w ith  z ineb  fu n g ic id e  trea tm en ts*
Zineb Spores and F ung ic ide  Spores added 3 days
c o n ce n tra tio i*  to g e th e r  a f t e r  fu n g ic id e
H ealthy  D iseased H ealth y  D iseased
0 37 22 38 61
1 44 25 24 59
10 65 12 38 59
100 48 7 37 19
* Key 1 = R ate  recommended by  Sinden and Yoder (1949)
1 0  =  1 0  X  "  "  "  n n  n
1 0 0  =  1 0 0  X  "  "  "  «  It It
At 10 tim e s  and 100 tim es such r a te s  o f  a p p l ic a t io n ,  d is e a s e  
le v e l s  a re  reduced , p a r t i c u la r ly  when sp o res  aire added im m ediately  
a f t e r  th e  fung ic ide*
n o
b# R esis tan ce  to  z ineb  in  T* m althousei
To examine the p o s s ib i l i t y  o f  a q u ired  r e s is ta n c e  to  z in e b , 
i s o la te s  o f  V. m althousei were ta k e n  from d ise a se d  mushrooms from 
farm s w ith  d i f f e r in g  A ingio ide a p p l ic a t io n  programmes. On a l l  th e
farm s, d isea se  caused  by V. m althousei had been  observed  over many
a
y ea rs  and i t  i s  re a so n a b le  to  assume th a t  r e s is ta n c e  w i l l  be more 
l i k e ly  to  develop in  pathogens i s o la te d  from  farm s where zineb  
has been used r e g u la r ly  o v e r a  long  p e r io d  o f  t im e . The i s o l a t e s  
employed were as fo n o w s
I s o la te  (w) was o b ta in ed  from W rington V ale N u rse r ie s , L td .,
Congresbury, Som erset. Zineb was used  on t h i s  farm 
u n t i l  1967 when t h i s  i s o l a t e  was o b ta in e d .
I s o la t e  (z )  was o b ta in ed  from Sampson Mushrooms L td . ,  Oving, 
C h ich es te r, Sussex where zineb  was used  f o r  many 
y e a rs  up to  the  tim e o f  i s o l a t i o n .
I s o la te  (y )  was o b ta in e d  from W rington V ale N u rse r ie s  L td . ,  Buxton 
D erbysh ire  where no d ith io c a rb a m a te 3 were used  over 
a  th re e  y e a r  p e rio d  p r io r  to i s o l a t i o n .
I s o l a t e  ( z )  was o b ta in ed  from A garie  L td .,  Bradfbrd-on-A von,
W ilts h ire  where no d ith io ca rb am ate  fu n g ic id e s  were 
used f o r  many y e a rs  up to  th e  tim e o f  i s o l a t i o n .
The e f f e c t  o f  z ineb  on th e  g e rm ina tion  o f  spores o f  th e se  
i s o la te s  was taken  a s  the  b a s is  f o r  d e te rm in in g  r e s i s t a n c e .  The 
* s l id e  germ ination  techn ique was used  (anon 1947)* A ll  ^ a s s w a re  
was washed, soaked i n  * Decon*, th ro u g h ly  r jn s e d  in  ta p  th en
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d i s t i l l e d  w ater and o v en -d ried  p r i o r  to  u se  excep t p ip e t t e s  which 
were c leaned  in  chromic a c id  fo llow ed  by  con tinuous r in s in g  in  
ta p  w a ter f o r  a t  l e a s t  tw elve h o u rs . S e r ia l  d i lu t io n s  o f  zineb  
were made i n  d i s t i l l e d  w a te r , th e  fu n g ic id e s  be in g  m ain ta ined  in  
su spension  during  d i lu t io n  by  a p p ro p ria te  a g i t a t io n .  A ll  co n cen tra ­
t io n s  were based  on th e  p ercen tage  a c tiv e  in g re d ie n t o f  the  fu n g i­
c id e  i n  th e  com m ercial p ro d u c ts  u sed . F o r each  organism and each 
c o n c e n tra tio n , 2 m l. d i lu te d  A ing ic ide  suspension  were p laced  
i n  a t e s t  tu b e . To ensure  maximal germ ination  o f  sp o res  an orange 
ju ic e  s tim u la n t was p rep ared  by f i l t e r i n g  th e  ju ic e  o f  good q u a l i ty  
oranges t h r o u ^  c h e e se c lo th , f i l t e r  p aper and c e l lu lo s e  a c e ta te  
membrane f i l t e r s  (O x o id ). Follow ing te n fo ld  d i lu t io n  w ith  d i s t i l l e d  
w a te r , th e  r e s u l t in g  c le a r  f i l t r a t e  was d is t r ib u te d  in  10 m l. 
a l iq u o ts  in to  b i jo u  b o t t l e s  and s to re s  in  a deep f r e e z e  c a b in e t a t  
-20  C. When re q u ire d , th e  c o n te n ts  o f  one b i jo u  b o t t l e  were 
d i lu te d  to  100 m l. w ith  d i s t i l l e d  w a te r , th e  c o n c e n tra tio n  o f  
orange ju ic e  in  th e  f i n a l  spore suspension  b e in g  0 . ] ^ .
The fu n g i to  be  t e s t e d  were is o la te d  and m ain ta ined  on # a l t  
e x t r a c t  a g a r ( O xoid). Washed spore suspensions p repared  as d e sc rib e d  
p re v io u s ly  were mixed w ith  an equal volume o f  g e m in a tio n  s tim u la n t 
and 0 .5  m l. a l iq u o ts  were p ip e tte d  in to  t e s t  tu b e s  c o n ta in in g  2 m l. 
d i lu te d  fu n g ic id e  and two sep a ra te  d ro p le ts  were p laced  on s l id e s  
which were in cu b a ted  in  in d iv id u a l  damp chambers a t  24 C f o r  
tw enty  fo u r  h o u rs . A fte r  in c u b a tio n  th e  pe rcen tag e  germ ina tion  fo r  
a t  l e a s t  two hundred sp o res  a t  each c o n c e n tra tio n  was determ ined
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and th e  percen tage  germ ina tion  in h ib i t i o n  f o r  each tre a tm e n t was 
c a lc u la te d ,  based  on c o n tro ls  c o r re c te d  to  100^ g erm in a tio n .
bpore germ ination  in h ib i t io n  v a lu es  f o r  th e  fo u r  i s o l a t e s  
in  response  to  zineb  c o n c e n tra tio n s  0 -  100 ppm a re  l i s t e d  in  
T able ifO and P ig .18, a f u r th e r  experim ent in d ic a t in g  t h a t  germ ina­
t io n  was com pletely  in h ib i te d  a t  1000 ppm. When th e  d a ta  from 
t h i s  form er work were su b je c te d  to  an a n a ly s is  o f  v a r ia n c e , 
d if f e re n c e s  betw een th e  i s o la te s  were n o t s ig n i f ic a n t  a t  th e  1^ 
le v e l  o f  p r o b a b i l i ty ,  u s in g  th e  v a r ia n c e - ra t io  t e s t .  These r e s u l t s  
show th e  s im i la r i ty  in  t o x i c i t y  o f  z ineb  to  th e  fo u r  i s o l a t e s  
(LD^q 3 5 .9 , 4 1 .7 , 4 4 .7 , 4 5 .7  ppm fo r  i s o l a t e s  W, X, T  and Z 
r e ^ e c t i v e l y ,  mean 42 .0  ppm) and suggest th e re  i s  no ev idence 
o f  aq u ired  r e s is ta n c e  to  z ineb  in  th e  s t r a in s  t e s t e d ,  th e se  o b se r­
v a tio n s  su p p o rtin g  the  views o f  H o rs fa ll  and Lukens (1966) th a t  
d ith io ca rb am ates  do n o t induce r e s is ta n c e  in  fu n g i.
c .  T o x ic ity  o f  z in eb  to  V. m althousei i n  s o i l
To determ ine w hether th e  in e f fe c t iv e n e s s  o f  z ineb  a t  c o n t r o l l ­
in g  d ise a se  a t  s tan d a rd  a p p l ic a t io n  r a t e s  was due to  la c k  o f  
to x ic i ty  o f  th e  fu n g ic id e  i n  th e  c a s in g , an a ssay  was c a r r ie d  
o u t w ith  V. m a lth o u se i co n id ia  supported  on g la s s  s l id e s  in  s o i l .  
Zineb was th o ro u g h ly  mixed w ith  100 g . q u a n t i t ie s  o f  d ry  s o i l  a t  
0 , 45 , 75, 450 and 750 ppm a c t iv e  in g re d ie n t  (w/w, z in e b /s c i l )  
and th e  s o i l s  made up to  50^  o f  maximum w a te r-h o ld in g  c a p a c ity .
The s o i l  was p re ssed  down on g la s s  s l i d e s  on which had been  sp read
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Table 40
The e f f e c t  o f  z in eb  suspensions on 
spore  g e rm ina tion  o f  i s o l a t e s  o f T . m althousei
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F ig .  18 C o rrec ted  spore germ ination  in h ib i t io n  (^ )  
o f  V* m althousei in  th e  p resence  o f  z ineb
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a spore  suspension  o f  V. m althousei augmented w ith  s u f f i c i e n t  
n u t r ie n ts  to  en su re  adequate germ ination  in  so il*  A f te r  tw enty 
fo u r  hou rs in c u b a tio n  in  p e t r i - d i s h e s  in  a danqp chamber, th e  s o i l  
was t ip p e d  o f f ,  th e  s l id e s  d r ie d  o v e r a  la s ^  and f u r th e r  ex cess  
s o i l  p a r t i c l e s  removed * A fte r  s ta in in g  w ith  a c id  fu sc h in  i n  
la c to p h e n o l, th e  s l id e s  were examined u s in g  normal and phase 
c o n tr a s t  microscopy* The r e s u l t s  o f  two experim ents combined in  
Table 41 in d ic a te  th a t  th e  fu n g ic id e  i s  e f f e c t iv e  a t  c o n p le te ly  
in h ib i t in g  spore g e m in a tio n  a t  750 ppm in  s o il*  I n  the  in fe c t io n
Table 41 G e m in a tio n  o f  V* m althousei c o n id ia  
in  s o i l  t r e a te d  w ith  z ineb
Zineb
Mean 
c o rre c te d  %
conc* No* spores No* sp o res fo  spore germ ina tion
(ppm s o i l ) germ inated ungerm inated germ ination in h ib i t io n
0 232 29 88*9 0
249 22 91.8
45 229 18 84 .5 0*9
227 13 94.6
75 218 7 96*8 0
242 26 90.3
450 34 213 6*2 95.3
5 203 2*4
750 0 200 0 100*0
0 200 0
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experim ent d e sc rib e d  e a r l i e r ,  th e  amount o f  fu n g ic id e  a p p lie d  a t  
the  s tan d a rd  r a t e  was 0 .082 mg/cm which i s  e q u iv a le n t to  a  s o i l  
c o n c e n tra tio n  o f  750 ppm i f  even ly  d i s t r ib u te d  th rough  o n ly  
approxim ately  1 .3  mm. s o i l  (b u lk  d e n s ity  o f  s o i l  1 .17 )*  I f  t h i s  
i s  comparable w ith  p e a t and lim esto n e  c a s in g  m a te r ia ls ,  e f f e c t iv e  
d is e a se  c o n tro l  shou ld  be ach ieved  i f  z ineb  were co n fined  to  th e  
su rfa c e  o r  d i s t r ib u te d  w ith in  th e  upper 1 .3  mm. o f  c a s in g .
d . The mode o f  a c t io n  o f  zineb
From th e  d a ta  a lre ad y  p re sen te d  i t  i s  n o t p o s s ib le  to  determ ine 
w hether th e  e f f e c t  o f  z in eb  on co n id ia  o f  V. m a lth o u se i i s  sporo - 
s ta t io  o r  s p o r ic id a l .  Thus an  experim ent was perform ed u s in g  zineb  
in  m alt a g a r to  examine th i s  e f f e c t .  V. m althousei spore suspen­
s io n s  were f i l t e r e d  t h r o u ^  Oxoid membrane f i l t e r s  which were in  
tu rn  p laced  on m alt agar p la te s  c o n ta in in g  0 -  10,000 ppm z in eb , 
mixed w ith  coo led  ag ar p r io r  to  p o u rin g . A f te r  tw enty  fo u r hours 
th e  f i l t e r s  were c u t  in  h ^ f  and one h a l f  p laced  on f r e s h  m alt agar 
p la t e s  c o n ta in in g  no fu n g ic id e  f o r  a  f u r th e r  tw en ty  fo u r hours 
in c u b a tio n . Spore g erm ina tion  v a lu es  f o r  the  c r i t i c a l  con cen tra ­
t io n s  o n ly  fo r  t h i s  and a re p e a t  experim ent shown in  T able 4 2 , 
in d ic a te  t h a t  approxim ately  30^  o f  sp o res  in h ib i te d  a t  th e  10,000 ppm 
l e v e l ,  su b seq u en tly  germ inated on removal from th e  fu n g ic id e . Æ 
f u r th e r  group o f  sp o res  on membranes, in cu b a ted  in  c o n ta c t w it]) 
fu n g ic id e  f o r  f o r ty  e i ^ t  hours showed t h a t  th o se  on the  10,000 ppm 
rem ained la r g e ly  ungerm inated as in  Table 4 2 . Thus i s  i s  concluded
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t h a t  a t  t h i s  c o n c e n tra tio n  and fo r  t h i s  exposure p e rio d , zineb 
e x e r ts  a  sporo s t a t i c  e f f e c t  on about yffo o f  sp o re s , the rem ainder 
b e in g  presumed k i l l e d .
Table 42 G erm ination o f  V. m althousei c o n id ia  
on membrane f i l t e r s  i n  c o n ta c t w ith  
z ineb  in  a g a r , and a f t e r  rem oval from fu n g ic id e .
Zineb
conc. i n  No. spores No. spores %
agar (ppm) germ inated ungerm inated germ ination
In c u b a tio n  in  c o n ta c t w ith  fu n g ic id e
0 213 3 98.6
267 5 98.2
1000 275 19 93.5
228 16 93 .4
10000 2 298 1 .5
3 242 1 .2
In c u b a tio n  a f t e r  removal from fu n g ic id e
10000 50 153 24..6
123 227 35 .1
e .  S t a b i l i t y  o f  Zineb
The in h ib i to r y  e f f e c t  o f  zineb  over s e v e ra l  days was assayed  
u s in g  spore g e rm in a tio n  in h ib i t io n  i n  V. m althousei as th e  c r i t e r io n
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o f  to x ic i ty *  F u n g ic id e  s t a b i l i t y  i n  w a te r  was exam ined by  a llo w in g  
z in eb  su sp e n sio n s  0 -  10 ,000  ppm to  s ta n d  f o r  0 ,  3 and 6 days a t  
20 -  24. C fo llo w ed  b y  a  sp o re  g e rm in a tio n  a s s a y .  The experim en t 
was r e p e a te d  and th e  r e s u l t s  in d i c a te  t h a t  l i t t l e  l o s s  i n  a c t i v i t y  
o ccu rs  d u r in g  t h i s  t im e , th e  g e rm in a tio n  r a t e  a t  th e  100 ppm le v e l  
b e in g  red u ce d  l e s s  th a n  10^ maximum ( 7^  mean) o v e r  s i x  d a y s .
R ather more lo s s  in  a c t i v i t y  o ccu rred  when a s im i la r  experim ent 
in  d u p l ic a te  and re p e a te d  was c a r r ie d  o u t w ith  fu n g ic id e  suspended 
in  m a lt  agar (T ab le  45)* T his r e s u l t  i s  p a r t i c u l a r ly  re le v a n t  to  
th e  method reco rded  below  o f  dé term in a tioxi o f  fu n g ic id e  to x ic i ty  
to  m y ce lia l growth on ag ar p la te s  which ex tends over about fo u r te e n  
d ays. When s im ila r  s tu d ie s  on fu n g ic id e  s t a b i l i t y  were c a r r ie d  
o u t in  s o i l  w ith  zineb a t  0 , 45 , 75, 450 and 750 ppm s o i l  made 
up to  30^  o f  maximum w a te r-h o ld in g  c a p a c ity  and s to re d  in  d a rk n ess  
a t  20 -  2k C and 100% R.H. f o r  up to  fo u r te e n  days, th e  in c re a se  
in  g e rm in a tio n  r a te  was l e s s  th a n  10% a t  450 ppm ( s e e  T able  4 l )  
in d ic a t in g  th a t  the in h ib i to r y  e f f e c t s  o f  z ineb  on spore  germ ina tion  
a re  r e l a t i v e ly  s ta b le  under th e  c o n d itio n s  d e sc r ib e d .
f .  S e l e c t i v i t y  o f  F u n g ic id e s
The s e le c t iv e  e f f e c t s  o f  fu n g ic id e s  fo r  7 .  m a lth o u se i 
( i s o l a t e  W) compared w ith  A. b isp o ru s  (D a rlin g to n s ) were examined 
by d e term in ing  th e  r a t e  o f  r a d i a l  growth o f  c o lo n ie s  on m alt ag a r 
co n ta in in g  fu n g ic id e  (H o rs fa l l  11956) . Two o th e r  d ith io ca ib am ate s  
which have r e c e n t ly  become a v a ila b le  were compared w itii z ineb  -
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T a b le  4 3  G e r m in a t io n  o f  V . m a l t h o u s e i  c o n i d i a
o n  z i n e b / m a l t  a g a r  p l a t e s  0 - 6  d a y s  o ld
F u n g i c i d e Z in e b N o . s p o r e s N o . s p o r e s G e r m in a t io n
c o n c .  (ppm ) g e r m in a te d u n g e r m in a te d fo Mean $
10 0 7 226 3 . 0 3 . 1
9 22 3 3 . 9
4 20 6 1 . 9
8 2 0 6 3 .7
1 0 0 0 0 200 0 0
0 2 0 0 0
0 2 0 0 0
G 2 0 0 0
10 0 31 1 9 4 1 3 .8 % t.3
31 1 7 5 15.0
4 7 245 16.1
29 2 1 0 1 2 .1
1 0 0 0 3 2 3 4 1 . 4 1 . 0
1 273 0 . 4
2 2 3 1 0 . 9
4 2 8 5 1 . 4
1 0 0 4 0 1 8 2 1 8 .0 22.5
4 8 l 6 l 23.0
55 1 7 8 23.6
75 2 1 8 25.6
1 0 0 0 6 24.2 2 .4 2 . 3
2 27 1 0 . 7
10 3 1 2 3 . 1
8 262 3 .0
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namely ’Vertomyc* (manganese z inc d ith io ca rb am ate  fo rm ulated  
as a  1 ^ 0  d u s t , su p p lie d  by S h ir le y  O rganics L im ited , Maple C ross, 
Rickmansworth, H e r ts .)  and 'Cufram Z' (manganese z in c  copper 
iro n  d ith io carb am ate  fo rm ulated  as an 80% w e ttab le  power 
m anufactured by U n iv e rsa l Crop P ro te c t io n  L im ited , Maidenhead, 
B erk s .)  I n  a d d itio n  B en la te  (benomyl fo m u la te d  as a  50% 
w e ttab le  powder m anufactured by Du Pont) was in c lu d ed  in  
th e  experim en t.
I n  each c a se , th e  fu n g ic id e  powder which was found to  
be p r a c t i c a l ly  s t e r i l e ,  was d i lu te d  in  s t e r i l e  w a te r and 1 ml 
in c o rp o ra te d  in  9 m l. cooled  m alt e x t r a c t  agar in  p e t r i -  
d is h e s . F iv e  r e p l i c a t e  p la te s  f o r  each c o n c e n tra tio n  were 
p rep ared  w ith  a p p ro p r ia te  c o n t r o ls .  D iscs o f c u l tu r e  were 
in o c u la te d  in to  the c e n tre  o f  each  p la te  mycelium upperm ost 
and in cu b a ted  a t  24- C in  th e  dark  a t  100% r e la t iv e  hum id ity  
to  p rev en t drying* The maximum and minimum d iam eters  o f  
each colony were measured o v e r a p e r io d  o f  n ine  d ay s . Mean 
d iam eter measurements f o r  each c o n c e n tra tio n  were c a lc u la te d  
(Appendix 3» Table 47) and p lo t te d  g ra p h ic a lly  a g a in s t  tim e  
(Appendix 3* F ig s . 23 -  3 0 ) . The mean r a d ia l  growth r a t e s  
o f  th e  c o lo n ie s  in  mn/day were determ ined  and ex p re ssed  a s
a pe rcen tag e  o f  c o n tro ls  (T ab le  4 4 , F ig s .  19 -  2 2 ) . T o x ic ity  
o f  th e se  fu n g ic id e s  to  V. m althousei and A. b isp o ru s  i s
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Table 44
R a d ia l grow th r a t e s  o f  c o lo n ie s  o f  V . m a lth o u s e i  
and A. b is p o ru s  grow ing on a g a r  c o n ta in in g  fu n g ic id e
F u n g ic id e  
CO n e .  (ppm )
V . m a lth o u se i 
R a d ia l
growth
(m n /d a y )
fo o f  
c o n t r o l
A. b is p o ru s  
R a d ia l 
grow th
(m n /d a y )
% o f  











































































































exp ressed  in  v a lu es  ($0% in h ib i t io n  o f  m y ce lia l growth 
as determ ined by th e  ex ten sio n  o f  fu n g a l c o lo n ie s )  which 
were o b ta in ed  from F ig s ,  19 -  22 and l i s t e d  in  Table 45#
These r e s u l t s  show th a t  mushroom mycelium i s  more s e n s i t iv e  
to  z ineb  and th e  newer d ith io ca rb am ates  th an  i s  V. m a lth o u se i. 
b e n la te  having a s im ila r  e f f e c t  on bo th  organ ism s. T his may 
account i n  p a r t  f o r  th e  r e l a t i v e  in n fe c tiv e n e s s  o f  z in eb  in  
th e  c o n tro l  o f V, m alth o u se i on mushroom b e d s .
T ab le  45*
ED
f o r  V. m a lth o u se i and A. b is p o r u s .
^* v a lu es  o f  fu n g ic id e  c o n c e n tra tio n  (ppm)
F u n g ic id e  V. m a lth o u se i A. b is p o ru s
Z ineb -  3^3
Cufram Z 4170 100
Vertomyo 617O 316
B e n la te  4*7 4 .2
* ED^Q -  F ungic ide  c o n c e n tra tio n  e f f e c t iv e  a t  red u c in g
























10 b isp o ru s
10 100 1000 10,000
Log. c o n c e n tra tio n  o f zineb  in  ag ar (ppm)
F ig . 19 Mean r a d ia l  co lony growth r a te s  o f  A. b isp o ru s  
and V. m althousei on m alt agar c o n ta in in g  z ineb  

























Log. c o n c e n tra tio n  o f  Cufram Z in  ag ar (ppm)
F ig . 20 Mean rad ia l colony growth rates o f  A. bisporus
and V. malthousei on malt agar containing











Log* c o n c e n tra tio n  o f  Vertomyo in  ag a r (ppm)
Fig* 21 Mean rad ia l colony growth rates o f  A* bisporus
and V* malthousei on malt agar containing
























Log. c o n c e n tr a t io n  o f  B e n la te  i n  a g a r  (ppm)
F ig . 22 Mean rad ia l colony growth rates o f  A. bisporus
and V. malthousei on malt agar containing
Benlate, expressed as % o f  con tro ls.
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8 . DISCUSSION
AU V e r t ic i l l iu m  sp ec ie s  a r e  s o i l  fu n g i and, w ith  th e  
ex cep tio n  o f  V. la te r i tu m  ( I s a a c  I 967) a re  to  a  l e s s e r  o r  
g re a te r  degree adapted  to  a  p a r a s i t i c  mode o f  l i f e .  V. a lbo-a trum  
and V. d a h lia e  cause v a sc u la r  w i l t  symptoms in  a wide range 
o f  econom ically  im portan t c ro p s , b u t V. nubilum and V. n ig re sce n s  
have a much more l im ite d  h o s t range  ( I s a a c  1949, 1953a, I 956) 
w hile  V. t r ic o rp u s  i s  co n fin ed  to  tom ato, an tirrh in u m  ( I s a a c  
1953b) and p o s s ib ly  p o ta to  ( I s a a c  19^7)• T . m althousei appears 
to  have a much more l im ite d  h o s t range th an  o th e r  species; o f  th e  
genus and u n t i l  r e c e n t ly  was co n sid ered  to  p a r a s i t i s e  A. b isp o ru s  
o n ly , b u t i s  now known to  in f e c t  th e  hyphomycete Rhopalomyces e leg an s 
(F le tc h e r  -  p e rso n a l communication) a long w ith  V. p s a l l io ta e  
Dayal and B arron  1970) , V. a lbo -a trum  and V. d a h lia e  (B arron  and 
F le tc h e r  1970)• However, th i s  p a ra s i t is m  o ccu rred  in  mixed 
c u l tu re  in  th e  la b o ra to ry  and has y e t  to  be dem onstrated  in  
n a tu re . I f  th e  n a tu ra l  o ccu rrence  o f  such p a ra s it ism  i s  demon­
s t r a te d ,  m ycoparasitism  would have g re a t s u rv iv a l  p o te n t ia l  as 
suggested  by B u tle r  ( l9 5 7 )  fo r  H h izocton ia  s o la n i  and may a lso  
be a mechanism o f  in c re a s in g  inoculum p o te n t ia l  f o r  p la n t  pathogens 
in  s o i l .  The l im ite d  h o s t range o f  V. m a lth o u se i i s  u n u su a l, most 
m ycoparasites  having  w ider h o s t  ran g es  (Boo s a l i s  19^5), b u t i s  
p a r a l le le d  b y  M. p e m ic io  sa which i s  a lso  adapted  to  in f e c t  
A. b isp o ru s  a lthough  p a ra s it ism  of  Rhopalomyces e leg an s  in
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c u l tu re  i s  known (F le tc h e r ,  p e rso n a l com m unication)• Another 
genus, Senedonium. m orp h o lo g ica lly  s im ila r  to  Mycogone a lso  
c o n ta in s  species; p a r a s i t i c  on basid iom ycete  spo rophores.
Exam ination o f  th e  spore-p roducing  s t r u c tu r e s  o f  
M. -perniciosai s u g g e s ts  t h a t  the  a p p a re n tly  x e ro sp o ric  s in g le  
c o n id ia , d e l i c a te ly  a t ta c h e d  to  th e  p h ia l id e  t i p  appear to  be 
w e ll s u ite d  to  wind d is p e r s a l .  Thus i t  i s  s u rp r is in g  th a t  
spores o f  t h i s  organism  a re  n o t d is lo d g ed  d i r e c t l y  from in fe c te d  
mushroom sporophores by wind, a lthough  in d i r e c t  d is p e r s a l  o f  
spores o f  M. p e rn ic io s a  and V. m althousei on wind-blown d u st 
and d e b r is ,  confiim ed f o r  th e  form er by F le tc h e r  and G-anney 
( 1969) ,  in d ic a te s  th a t  a  f i l t e r e d  a i r  supp ly  to  mushroom growing 
houses i s  n ecessa ry  to  p rev en t t h i s  method o f  d is e a se  tra n sm iss io n . 
Very l i t t l e  in fo rm atio n  on th e  d is p e r s a l  o f  o th e r  fu n g i by t h i s  
method has been re p o rte d  ( H ir s t  19&5) b u t  a s im ila r  d isse m in a tio n  
mechanism was d e sc rib e d  f o r  V. a lbo -a trum  fo llo w in g  tra p p in g  o f  
p ropagu les tw enty  f e e t  above ground on d u s t p a r t i c l e s  d u rin g  a 
storm  (E as to n , Nagle and B a iley  I 969)* The g lo eo sp o ric  c o n id ia  
o f  V. m althousei would appear to  be b e t t e r  s u ite d  to  w a te r and 
c o n ta c t d is p e r s a l  th a n  sp o re s  o f  M. p e rn ic io s a  due to  th e  
p resen ce  o f  m ucilage (Mason 1937), a su g g es tio n  confirm ed by 
th e  r e s u l t s  o f  th e  p re s e n t w ork. The im p lic a tio n s  f o r  commercial 
growing p ra c t ic e  a re  th a t  d isea sed  mushrooms should be  covered 
(J a c o b s  1965) p r io r  to  w a terin g  s in c e  rouging  c r e a te s  a f u r th e r  
d is p e r s a l  h a za rd . The c o n tro l o f  f l y  p o p u la tio n s  i s  p a r t i c u la r ly
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im p o rtan t in  p re v e n tin g  d is se m in a tio n  o f  V. m a lth o u se i.  S im ila r  
d is p e r s a l  mechanisms o p e ra te  fo r  V. a lbo-a trum  by w a ter ( Sew ell 
1959) ,  c o n ta c t (Keyworth 1942) and in  crop  d e b ris  ( I s a a c  1957, 
K re itlow  I 962) .
V. m alth o u se i d i f f e r s  ffom o th e r  sp ec ie s  o f  V e r t ic i l l iu m  in  
th a t  c o n id ia  su rv iv e  a t  l e a s t  e i ^ t e e n  months i n  s o i l  and p e a t .
V. a lbo -a trum  and V. d a h l ia e . p roducing  r e s t i n g  nycelium  and 
m icro sc l e r o t i a  re s p e c t iv e ly  in  a d d itio n  to  c o n id ia , d id  n o t su rv iv e  
a  s ix  month p e rio d  in  s o i l  in  th e  absence o f  a h o s t .  However,
V. nubilum and V. n ig re sce n s  which produce chlamydo spo res and 
V. t r ic o rp u s  producing r e s t in g  mycelium, micro s c l e r o t i a  and chlamy­
do sp o re s , were recovered  a f t e r  tw elve months ( I s a a c  1953a). 
P o p u la tio n  f lu c tu a t io n s  o f  th e  l a t t e r  were a t t r ib u te d  by T ay lo r 
( 1969) to  th e  p ro d u c tio n  o f  s h o r t - l iv e d  c o n id ia  by micro s c l e r o t i a  
in  s o i l ,  a c a p a c ity  a lso  p o ssessed  by V. a lbo-a trum  (P a r le y ,
Wilhelm and Snyder 197l)#  I n  c o n tr a s t  to  V. m althousei th e  
c o n id ia  o f  V. a lbo -a trum  a re  s h o r t - l iv e d ,  su rv iv in g  in  s o i l  
f o r  o n ly  two to  th re e  weeks ( s c h re ib e r  and G-reen 1962, Wilhelm 
1965 , G-reen I 969) b u t  in  s ta le d  c u l tu r e  c o n id ia  and m icro s c le r o t i a  
su rv iv e  th re e  days and s ix  months r e s p e c t iv e ly  ( N elson and W ilhelm 
1958) .  The o b se rv a tio n  by Wilhelm (1955) t h a t  V. <hhliae was 
recovered  from s o i l  fo u r te e n  y e a rs  a f t e r  the  l a s t  known h o s t 
crop  had been  p la n te d  was p robab ly  accounted  f o r  by r e s u l t s  o f  
M artinson and H om er ( I 962) and Lacy and H om er ( I 966) dem onstra ting  
p ro d u c tio n  o f  new m ic ro s c le ro t ia  on ro o ts  o f  non-host p la n ts#
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V# a lbo -a trum  g)pears unab le  to  su rv iv e  by producing r e s t in g  mycelium 
on n o n -h o st ro o ts  which would account f o r  i t s  s h o r te r  su rv iv a l 
in  s o i l  (bew ell and W ilson 1966). W hether V# m althousei can 
s p o ru la te  in  s o i l  in  th e  p resence  o f  p la n t  ro o ts  o r  fu n g i o th e r  
th an  A. b isp o ru s  in  th e  manner shown f o r  micro s c l e r o t i a  o f  
V. d a h lia e  i s  n o t known, b u t such in fo rm a tio n  would be o f  p r a c t ic a l  
im portance , p a r t i c u la r ly  f o r  American grow ers, many o f  whom use 
s o i l  a s  a c as in g  medium. The p ro d u c tio n  o f  micro s c le r o t i a  by 
V. m althousei has n o t been observed on in fe c te d  mushrooms, in  
c u l tu r e  o r  i n  s o i l ,  b u t  sp o ru la tio n  in  s o i l  a s so c ia te d  w ith  
mushroom mycelium has been observed th u s  in c re a s in g  i t s  inoculum 
p o t e n t i a l .
The s u rv iv a l experim ent re p o r te d  in  th e  p re se n t work showed 
t h a t  c o n id ia  and immature chlamydo s p o re s  o f  th e  m utant form o f  
M. p e rn ic io s a  became u n d e tec ta b le  a f t e r  o n ly  s ix  months in  p e a t 
c a s in g  m a te r ia l ,  t h e i r  v i a b i l i t y  d e c lin in g  d u ring  t h i s  p e r io d . 
In o c u la tio n  o f  p e a t w ith  co n id ia  and chlamydo sp o res  o f  th e  p a re n ta l  
M. p e rn ic io s a  r e s u l te d  in  in f e c t io n  b e in g  m ain ta ined  a t  an undim in- 
is h in g  r a t e  f o r  a t  l e a s t  s ix  months, th e  d u ra tio n  o f  th e  experim en t. 
Assuming th a t  c o n id ia  o f  M. p e rn ic io s a  and the  m utant have s im ila r  
s u rv iv a l  p o te n t i a l ,  t h i s  r e s u l t  in d ic a te s  th a t  M. p e rn ic io s a  
c o n id ia  su rv iv e  i n  p e a t f o r  a much s h o r te r  p e rio d  th an  those  o f  
V. m a lth o u se i. A l th o u ^  n o t  observed  in  pure  c u l tu r e ,  o r  on 
g la s s  s l id e s  in  c o n ta c t w ith  mushroom mycelium i n  ca s in g  m a te r ia l ,  
germ in a tio n  o f  chlam ydospores and subsequent mushroom in f e c t io n
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appears to  be th e  o n ly  e x p lan a tio n  o f  s u rv iv a l u sin g  mixed 
in o c u la  in d ic a t in g  th a t  lo n g -term  p e rs is ta n c e  o f  M. p e rn ic io sa  
i s  v ia  chlamydo spores# Thus th e  su rv iv a l o f  V. m alth o u se i and 
M. p e rn ic io sa  f o r  a t  l e a s t  e ig h te en  aqdL s ix  months r e s p e c t iv e ly ,  
poses g re a t problem s o f  mushroom farm s i t e  con tam ination , 
n e c e s s i ta t in g  ro u tin e  c le a n in g  and d is in f e c t in g  tre a tm en ts  to  
reduce th i s  in f e c t io n  h a za rd .
The f a i l u r e  o f  the  m a jo rity  o f  V. m althousei co n id ia  to  
germ inate in  s o i l  w h ile  r e ta in in g  t h e i r  v i a b i l i t y ,  i s  re sp o n s ib le  
f o r  th e  su rv iv a l o f  th e  organism  -  germ tubes and mycelium produced 
by th e  m in o rity  o f  spo res soon undergoing  l y s i s  in  th e  absence o f  
a  s u i ta b le  h o s t .  The n a tu re  o f  t h i s  f u n g is ta s i s  (Dobbs and Hinson 
1953) ,  which i s  c o n tro v e r s ia l ,  has been shown in  th e  p re se n t s tudy  
w ith  V. m a lth o u se i. to  be r e la te d  to  the  requ irem en t f o r  spore 
g e rm ina tion , o f  a  supply  o f  exogenous n u t r i e n t s ,  a f e a tu r e  o f  
many o th e r  fu n g i su b je c t to  s o i l  f u n g is ta s i s  ( l o c .  c i t . ) .  F u r th e r ­
more Kb and Lockwood ( 1967) showed f o r  e ig h te en  fu n g i a c lo se  
c o r r e la t io n  between s e n s i t i v i t y  to  s o i l  f u n g is ta s i s  and germina­
t io n  c a p a c ity  in  d i s t i l l e d  w ater in  th e  absence o f  exogenous 
n u t r i e n t s .  L y sis  o f  fu n g a l mycelium in  s o i l  i s  induced by  sh o rtag e  
o f  n u t r i e n t s ,  a n t ib io t i c s  n o t b e in g  invo lved  (Ko and Lockwood 1970)< 
The c a p a c ity  o f  n u t r i e n t  independant i^ o re s  o f  V. m a lth o u se i to  
germ inate  in  s o i l ,  may be r e la te d  to  d if fe re n c e s  i n  s to rag e  
r e s e r v e s  o r  to  p r io r  a b so rp tio n  o f  m a te r ia ls  from th e  n u t r i e n t -  
con tam inated  spore suspension  before  b e in g  washed o r  added to  s o i l .
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N u tr ie n t a b so rp tio n  f o r  germ ina tion  o f  o th e r  fu n g i under s im ila r  
c o n d itio n s  has been  shown to  be cum ulative and i r r e v e r s ib le  
( ü te in e r  and Lockwood 1969). Thus a  requ irem ent o f  exogenous 
n u tr ie n ts  f o r  spore  g erm ina tion  i s  the  b a s is  o f  th e  n u tr ie n t  
d e f ic ie n c y  h y p o th esis  o f  th e  n a tu re  o f  s o i l  f u n g is ta s i s  proposed 
by  Lockwood ( 1964) *
A f u r th e r  requ irem ent o f  t h i s  n u t r i e n t  d e f ic ie n c y  h y p o th esis  
i s  th a t  f u n g is ta t i c  s o i l  miast be  a n u t r i t i o n a l ly  im poverished 
medium, w ith  re sp e c t to  m a te r ia ls  which would allow  spore 
germ ination  to  o ccu r, caused by  m ic ro b ia l co m p etitio n  f o r  n u t r i e n t s .  
Kb and Lockwood (196?) showed th a t  e x t r a c ts  o f  s t e r i l i s e d  s o i l  
co n ta in ed  s u f f ic ie n t  n u t r ie n ts  f o r  germ ina tion  o f  n u t r i t i o n a l ly  
dependant sp o re s  w hile  e x t r a c ts  o f  n a tu ra l  s o i l  d id  n o t, a  
f a c t  confirm ed f o r  V. m althousei in  the p re s e n t s tudy , u s in g  th e  
c o n ten t o f  so lu b le  hexoses a s  an index  o f  n u t r i t io n a l  s ta tu s  and 
supported  by  o th e r  w orkers who showed in c re a s e s  in  e a s i ly  e x t r a c t -  
ab le  m a te r ia ls  when s o i l  i s  s t e r i l i s e d  (W alker and Thompson 1949j 
B irch  1958, 1959, Dobbs I 963, G r i f f i th s  and Dobbs I 963) . The 
f a c t  t h a t  e x t r a c ts  o f  f u n g is ta t i c  s o i l s  a re  r a r e ly  in h ib i to r y  
(V a a r ta ja  1969) and o f te n  s tim u la to ry  does no t n e c e s s a r i ly  c o n tra ­
d ic t  th e  h y p o th esis  o f  s o i l  n u tr ie n t  d e f ic ie n c y  -  a s in g le  lo c a l is e d  
source o f  n u t r ie n ts  in  s o i l  cou ld  obscure  f u n g is ta s i s  in  e x t r a c ts  
by r a i s in g  th e  c o n c e n tra tio n  o f  e x tra c te d  n u t r ie n ts  above th e  
spore g e rm in a tio n  th re s h o ld  l e v e l .
Assay methods have been one o f  th e  l im i t in g  f a c to r s  in  i n v e s t i -
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g â tio n s  o f  s o i l  f u n g i s t a s i s -  d i r e c t  in c o rp o ra tio n  o f  spores in  
s o i l  in v o lv in g  th e  problem o f  recovery# T h is  d i f f i c u l t y  le d  to  
th e  development o f  s e m i-d ire c t methods, where spores in  c o n ta c t 
w ith  s o i l  were supported  on a s u r fa c e , and in d i r e c t  methods 
where spores a re  sep a ra te d  from s o i l  by a  sem i-perm eable membrane 
o r  assay  medium -  g la s s  s l id e s  and p la in  ag a r d is c s  re s p e c t iv e ly  
in  th e  p re s e n t study# a l t h o u ^  th e  in d i r e c t  ag a r d isc  methods o f  
measuing s o i l  f u n g is ta s i s  a re  l e s s  s e n s i t iv e  th an  th e  g la ss  
s l id e  o r  ’ cellophane* te ch n iq u es  (Jack so n  1958, Dobbs, H inson 
and Bywater I960) th ey  a re  co n sid e red  com parable (Lockwood and 
Lingappa 1963), a  f a c t  confirm ed by  d i r e c t  o b se rv a tio n  o f  fu n g a l 
spores in  s o i l  (Kb 197l) • A ccepting  th e  v a l i d i t y  o f  th e  a g a r 
b lo ck  techn ique  in  a ssay in g  s o i l  f u n g is ta s i s ,  a conséquence o f  
th e  n u t r ie n t  d e f ic ie n c y  h y p o th e s is  i s  th e  rem oval o f  th e  n e c e s s i ty  
to  p o s tu la te  th e  d i f f u s io n  o f  a  f u n g is ta t i c  f a c to r  in to  th e  b lo ck  
and to  reco g n ise  t h a t  n u t r i e n t s  may d if f u s e  o u t from th e  p la in  
agar in to  s o i l ,  (Lockwood 1964) a  p o s s i b i l i t y  n o t p re v io u s ly  
co n sid e re d . The use  o f  a  model system  (Lockwood 1964, 1967) i n  
th e  p re s e n t woik where d i f f u s ib l e  n u tr ie n ts  were removed from 
p la in  ag ar b lo ck s  by d i a l y s i s ,  e f f e c t iv e ly  reproduced  th e  main 
fe a tu re s  o f  s o i l  fu n g is ta s i s  a s  assayed  in  ag ar b lo ck s  w ithou t 
any p o s s i b i l i t y  o f  th e  p resen ce  o f  a  f u n g is ta t ic  f a c to r .  T h is  
su p p o rtin g  evidence was confirm ed by  a ssay in g  th e  n u tr ie n t  s ta tu s  
o f  b lo ck s  exposed to  s o i l  and to  d i a l y s i s .  The r e s u l t s  o f  th e  
p re se n t s tu d y  c le a r ly  in d ic a te  th e  c o n tro l l in g  r o le  o f  th e  le v e l
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o f  exogenous n u tr ie n ts  in  spore  germ ina tion  o f  V. m althousei and 
a l t h o u ^  n o t d isp ro v in g  th e  e x is te n c e  o f  f u n g is ta t i c  f a c to r s ,  
makes th e  p o s tu la t io n  o f  such m a te r ia ls  unnecessary  i n  th e  
mechanism o f  s o i l  f u n g is ta s i s .
F a i lu r e  to  a p p re c ia te  th e  r o le  o f  n u tr ie n ts  in  s o i l  f u n g is ta s i s  
may le ad  to  e rroneous c o n c lu s io n s . Thus th e  claim  by  King and 
C oley-bm ith (l9&9) t h a t  s c le r o t i a  of  S c le ro tiu m  cepivorum . 
which a re  su b je c t to  s o i l  f u n g i s t a s i s ,  germ inate ad eq u a te ly  in  
w a ter may be in v a lid a te d  b y  f a i l u r e  to  ensure  th e  absence o f  
exogenous n u tr ie n ts  i n  th e  s t e r i l i s e d  a n t ib io t i c  assay  d is c s  used 
to  determ ine germ ina tion  in  s t e r i l e  d i s t i l l e d  w a te r . R esu lts  
o b ta in ed  from expressed  s o i l  s o lu tio n  which were n o t s t e r i l i s e d  
by igsmbrane f i l t r a t i o n  must be d is re g a rd ed  because o f  the  
p o s s ib le  in h ib i to r y  a c t io n  o f  s o i l  m icro-organism s in  th e  e x tr a c t  
(Lockwood 1964) . U sing a ssa y  d is c s  soaked in  e x p re ssa te s  from 
f r e s h  s o i l s ,  s t e r i l i s e d  by  membrane f i l t r a t i o n ,  2 -  30^  s c l e r o t i a l  
g erm ina tion  was o b ta in ed  compared w ith  12 -  325*̂  g e rm ina tion , when 
w a te r was u sed , f o r  one i s o l a t e ,  th e  o th e r  b e in g  s tim u la te d  in  
com parison w ith  c o n tro ls .  (K ing and C oley-Sm ith 1969). T h is g iv e s  
l i t t l e  ev idence fo r  th e  co n c lu s io n  drawn th a t  in h ib i to r y  f a c to r s  
a re  re sp o n s ib le  f o r  s o i l  f u n g is ta s i s ,  r a th e r  su p p o rtin g  th e  
n u t r i e n t  d e f ic ie n c y  h y p o th e s is . However, u s in g  e x p re ssa te s  from 
a i r - d r i e d  s o i l s  rew etted  seven days b e fo re  u se , l im ite d  ev idence 
o f  in h ib i to r y  m a te r ia ls  was o b ta in e d , s im ila r  co n c lu s io n s  were 
drawn by Hora and Baker ( l 970) who showed a d e c lin in g  e f f e c t  o f
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v o l a t i l e  in h ib i to r s  r e s u l t in g  from m ic ro b ia l a c t i v i t y  in  rew etted  
a i r - d r ie d  s o i l s  over one to  seven days, b u t t h i s  e f f e c t  had 
d isap p eared  f i f t e e n  days a f t e r  re w e ttin g . The f a c t  th a t  la rg e  
q u a n t i t ie s  o f  n u t r i e n ts  become availab le^  in  s o i l  when rew etted  
a f t e r  a ir -d ry in g  was dem onstrated  in  th e  p re s e n t  work and by 
B irch  ( 1958, 1959, i 960) .  The ra p id  growth o f  m icro-organism s 
removing th e se  o r  added n u t r ie n ts  i s  w e ll documented ( Chinn and 
Ledingham 1957, B o o sa lis  1962, Powelson and P a t i l  1963, Cook? 
and S ch ro th  I 965, A g n ih o tri and V a a rta ja  1967, Bum bieris and 
Lloyd 1967, Cook and P le n t je  1967, Dix 1967, Emmatty and G-reen
1967, Adams, P apavizas and Lewis 1968, Adams, Lewis and P apav izas
1968, M irc e tich , Zentmeyer and K endrick 1968, Adams and Papavizas 
1969) .  However, th e  i n a b i l i t y  o f  King and Coley-Sm ith ( 1969) and 
Hora and Baker (l9 7 0 ) to  dem onstrate  t h i s  in  f r e s h  f i e l d  s o i l ,  
and a t  f i f t e e n  days in  rew etted  s o i l  r e s p e c t iv e ly ,  in d ic a te s  
th a t  th e  r e s u l t  o f  re w e ttin g  a i r - d r ie d  s o i l  can  be to  modify th e  
ex p ress io n  o f  s o i l  f u n g is ta s i s  which occurs  p r im a r i ly  in  f r e s h  
s o i l  and r e s u l t s  from a dynamic e q u ilib riu m  o f  m ic ro b ia l a c t i v i t y ,  
m a in ta in in g  a d e f ic ie n c y  o f  m a te r ia ls  re q u ire d  f o r  spore germ ination  
in  s o i l .  A f u r th e r  type o f  spore germ ination  in h ib i t io n  observed
in  some s o i l s  has been d is tin g u is h e d  from s o i l  f u n g is ta s i s  in  th a t  
i t  i s  n o t an n u lled  by n u t r ie n ts  o r  s t e r i l i s a t i o n  ( G r i f f i th s  1964, 
Dobbs and Gash I 965) .  In  s e v e ra l r e p o r ts ,  n u t r i e n t  d e f ic ie n c y  
in  s o i l  has ad eq u a te ly  accounted f o r  th e  spore germ ination  d a ta  
o b ta in ed  ( Cooke and S ch ro th  1965, Powelson 1966, Cooke I 967,
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Emmatty and Green 196?, 1969, Ko and Lockwood 196?, 1970, Adams, 
Lewis and P apavizas 1968, Emma th y  1969, P a r le y  and Lockwood 1969, 
M irce tich  and Zentmeyer 1969, S te in e r  and Lockwood 1969, 1970).
The e f f e c t  o f  s o i l  fu n g is ta s i s  on V# m althousei co n id ia  
in  n o n - s te r i le  s o i l  and p e a t  p e rm its  th e  lo n g -te im  su rv iv a l o f  
n u t r ie n t  dependant spores (Kb and Lockwood I 967) in  t h i s  
environm ent, th e  d u ra tio n  o f  which depends on th e  le n g th  o f  tim e 
th e  spore  rem ains v ia b le ,  a l t h o u ^  s u sc e p tib le  to  s o i l  fu n g i­
s t a s i s  (Powelson 1966) v i a b i l i t y  o f  c o n id ia  o f  V. d a h lia e  and 
V. a lbo -a trum  ( s c h re ib e r  and Green 1963, 1966), i s  o f  s h o r t 
d u ra tio n  (N elson  and Wilhelm 1958, Green I9 6 0 , b c h re ib e r and 
Green 1962, Wilhelm I 965) .  T h is in d ic a te s  th a t  s u rv iv a l o f  
c o n id ia  in  s o i l  must be prdm aril'ÿ  determ ined  by  th e  in h e re n t 
p h y s io lo g ic a l f a c to r s  c o n tr o l l in g  v i a b i l i t y  o f  sp o res , th e  
germ ination  o f  which can  be in flu en ced  by  s o i l  f u n g is ta s i s .
V. d a h lia e  co n id ia  resem ble th o se  o f  V. m althousei in  t h a t  
exogenous n u t r ie n ts  a re  re q u ire d  f o r  germ ination  (Powelson 
1966) •  The s tim u la to ry  e f f e c t s  o f  m y ce lia l exudates f o r  c o n id ia  
o f  V. m alth o u se i and o f  ro o t exudates f o r  c o n id ia  and r e s t in g  struc* 
tu r e s  o f  o th e r  sp ec ie s  o f  V e r t ic i l l iu m  (M artinson  and H om er 
1962, b c h re ib e r  and Green I 963) and o th e r  genera o f  fu n g a l p la n t  
pathogens ( Cooke and P le n t je  1967, Dix I 967, Adams, Papavizas 
and Lewis 1968, M irc e tich , Zentmeyer and K endrick 1968) i l l u s t r a t e  
th e  g re a t s ig n if ic a n c e  o f  f u n g is ta s i s  in  su rv iv a l o f  s o il-b o rn e  
p a th o g en s. Cochrane ( 196O) s ta te d  th a t  * an e c o lo g ic a l advantage
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may be co n fe rred  on a fungus which r e q u ire s  e x te rn a l n u t r ie n ts  
in  th a t  spores w i l l  be p ro te c te d  from g erm ina ting  in  a  m ilie u  
which i s  too  im poverished to  support m y ce lia l growth* • JSusr 
c e p t i b i l i t y  to  s o i l  f u n g is ta s i s  and th e  dependence on h o s t exudates 
f o r  in fe c t io n  i s  f o r  7 .  m alth o u se i and o th e r  s o i l  pathogens, an 
a d a p ta tio n  to  a p a r a s i t i c  mode o f  l i f e .
a p a r t  from th e  growth o f  germ tu b es  from co n id ia  ad jac e n t 
to  mushroom mycelium and th e  c o lo n iz a tio n  o f  mushroom d e b r is ,  
th e  co m p etitiv e  sap rophy tic  a b i l i t y  o f  V. m alth o u se i a s  in d ic a te d  
by m y celia l growth in  u n s te r i l i s e d  s o i l  was shown to  be very  
l im ite d  and i s  th u s  s im ila r  to  7 .  a lbo -a trum  and 7 .  d a h lia e  
( Wilhelm 1951, Is a a c  1953c, Sew ell 1959, Green I960 , Wilhelm 
1965 , Huber and Watson 1970) . 7 .  m althousei may be c l a s s i f i e d  
as  a *host in h ab ito r*  by analogy w ith  c l a s s i f i c a t i o n  o f  th e se  two 
v a s c u la r  w i l t  p a r a s i t e s  in  G a rre tt* s  (1956) c a te g o ry  o f  * ro o t 
in h a b i to r s * , c h a ra c te r is e d  by an expanding p a r a s i t i c  phase on 
th e  l iv in g  h o s t t i s s u e  and a d e c lin in g  sap ro p h y tic  phase a f t e r  i ts *  
d ea th  ( I s a a c  I 967)* 7 .  n ig re scen s  and 7 .  nubilum were c l a s s i f i e d
as  * s o i l  in h ab ito rs*  c h a ra c te r is e d  by an a b i l i t y  to  su rv iv e  in d e f i ­
n i t e l y  as s o i l  sap rophy tes and th a t  p a ra s i t is m  i s  in c id e n ta l  to  
t h e i r  sap ro p h y tic  e x is te n c e  in  s o i l ,  w h ile  7 .  t r ic o rp u s  was 
co n sid e red  in te rm e d ia te  between th ese  two ty p es  ( I s a a c  I 967) .
D ire c t com parison o f  th e  p a ra s i t is m  o f  7 . m althousei w ith  
th a t  o f  V e r t ic i l l iu m  sp e c ie s  cau sin g  v a s c u la r  w i l ts  i s  d i f f i c u l t  
s in ce  th e se  organism s a t ta c k  th e  ro o ts  o f  h i ^ e r  p la n t s .  However,
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n e i th e r  th e  v a sc u la r  w i l t  fu n g i no r th e  mushroom pathogen a re  l im ite d  
to  in f e c t io n  th rough  th e  s o i l  as 7 .  a lh o -a trum  may a t ta c h  th e  
above-ground p a r ts  o f  p la n ts  (T hanassoulopolous and Hooker 1970) 
i n  a s im ila r  manner to  l a t e  in fe c t io n s  by 7 .  m althousei r e s u l t in g  
in  th e  c a p -sp o ttin g  syndrome. The p a r a s i t i c  s ta tu s  o f  V e r t ic i l l iu m  
sp ec ie s  cau s in g  v a sc u la r  w i l t s  was co n sid ered  by G a r re t t  (1956) 
to  show a f f i n i t y  w ith  p r im itiv e  s o i l - in h a b i t in g  pathogens, due to  
t h e i r  d e s tru c t iv e  in v a s io n  o f  immature t i s s u e s ,  t h e i r  i n a b i l i t y  
to  invade th e  m ature ro o t  c o r te x  and t h e i r  confinem ent w ith in  th e  
v a sc u la r  t r a c t  u n t i l  th e  o u te r  t i s s u e s  o f  th e  ro o t o r  shoot become 
monibund when sp o ru la tio n  on th e  su rfa ce  may o c cu r . 7 .  m a lth o u se i 
shows more s p e c ia l is e d  p a ra s it ism  in  t h a t  i t  w i l l  i n f e c t  mushrooms 
a t  any s ta g e  o f  growth -  i n i t i a l s  o r  mature sporophores, i t  i s  
no t r e s t r i c t e d  to  p a r t i c u l a r  a re a s  o f  in fe c te d  spo rophores, i t  
does not invade o r  breakdown th e  c e l l s  o f th e  in fe c te d  mushroom 
which rem ains l iv in g  and growing f o r  a co n s id e ra b le  p e r io d  and 
t h a t  7 .  .m althousei i s  ab le  to  ^ o r u l a t e  on th e  e x te rn a l  su rfa c e s  
o f  th e  l iv in g  in fe c te d  sporophore . No evidence has been  o b ta in ed  
f o r  th e  pathogen cau s in g  a pre-em ergence d e s tr u c t io n  o f  i n i t i a l s .
Thus i t  i s  concluded th a t  i n  com parison w ith  the  organism s causing  
v a sc u la r  w i l t s  o f  h ig h e r  p la n ts ,  p a r t i c u la r ly  7 .  a lbo -a trum  and 
7 .  d a h l ia e . th e  p a ra s i t is m  o f  7 .  m althousei i s  r e l a t i v e l y  s p e c ia l is e d .
In  com parison w ith  o th e r  m yco p arasite s , u s in g  th e  c l a s s i f i c a ­
t io n  o f  B o o sa lis  ( 1965) ,  7 .  m a lthousei i s  a *bio trophic*  p a r a s i t e  
o b ta in in g  n u t r ie n ts  from l iv in g  c e l l s  by hyphae in  c lo se  c o n ta c t
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w ith  h o s t c e l l s  r a th e r  th a n  by h a u s to r ia  as in  P ip to c e p h a lis  sp .
(Dobba and E n g lish  1954, L eadbea te r and M ercer 1957) • In  
c o n tr a s t  * n ec ro tro p h ic  * fü n g i o b ta in  t h e i r  n u t r i t i o n  from dead 
c e l l s ,  u s u a lly  k i l l i n g  th e  h o s t  p r io r  to  in f e c t io n  (B a rn e tt  1959).
The t ro p ic  response  o f  co n id ia  o f  V. m a lth o u se i. s tim u la ted  to  
germ inate and growing toward h o s t nycelium  i s  s im ila r  to  th a t  
observed  in  P ip to c e p h a lis  v irg in ia n a  (B e riy  and B a rn e tt  1957) 
w hile  i n  C alcarisporium  p a ra s iticu m  th e  mycelium o f  the  h o s t 
P hysalospora sp . grows tow ards th e  pathogen (B a rn e tt  and L i l ly  
1958) .  A. c o n ta c t s tim u lu s  appears to  be o p e ra tiv e  in  R h izocton ia  
so la n i which can  be induced to  respond  th ig m o tro p ic a lly  to  g la s s  
f ib r e s  ^ u l t e r  1957).
’Balanced* b io tro p h ic  m ycoparasites cause  l i t t l e  o r no 
damage to  th e  h o s t ,  ’d e s tru c tiv e *  b io tro p h ic  p a r a s i te s  k i l l i n g  
th e  h o s t du rin g  t h e i r  developm ent (B o o sa lis  1965)# Since V. m althousei 
i s  a b le  to  p a r a s i t i s e  th e  mushroom sporophore b u t  no t v e g a ta tiv e  
nycelium  growing in  com post, i t  would appear to  f a l l  between th e se  
two ex trem es as  th e  d e s tru c tiv e n e s s  o f  th e  d is e a se  produced in  a 
scleroderm oid  mushroom i s  m an ife s t in  th e  la c k  o f  t i s s u e  d if f e r e n ­
t i a t i o n .  In fo rm a tio n  on th e  v i a b i l i t y  o f  c e l l s  o f  in fe c te d  mush­
room sporophores would enab le  a more inform ed a p p re c ia tio n  o f  th e  
n a tu re  o f  th e  p a ra s i t is m  o f  V. m a lth o u se i to  be made. The p a ra r  
s i t is m  o f  M. p e rn ic io s a  w h ile  s im ila r  in  many r e j e c t s  to  th a t  o f  
V. m althousei d i f f e r s  in  t h a t  h o s t c e l l  breakdown, d eath  and p u tre ­
f a c t io n  r a p id ly  o c cu rs , so th e  p a r a s i t e  i s  co n sid ered  le s s  s p e c ia l is e d
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th an  V. m a lth o u se i.
The in -v iv o  work on th e  use o f  fu n g ic id e s  to  c o n tro l  d is e a s e  
caused by  V. m althousei confirm ed e a r l i e r  r e p o r ts  (Gandy 1957,
L ast and Gandy I 965) t h a t  th e  p ro te c t iv e  use o f  ^h@ commercial 
p re p a ra t io n s  o f  z ineb  used  on mushroom b e d s  i s  in e f f e c t iv e  a g a in s t  
th e  le v e l  o f  inoculum used a t  th e  fu n g ic id e  a p p l ic a t io n  r a t e  
recommended by Sinden and Yoder (1 9 4 9 ). Using th e  s in g le  a p p li­
c a t io n  o f  fu n g ic id e , no re d u c tio n  in  th e  numbers o f  h e a lth y  
mushrooms was observed  as  fu n g ic id e  c o n c e n tra tio n s  in c re a s e d , 
some s t im u la t io n  b e in g  n o ted , i n  c o n tra s t  to  th e  r e p o r ts  o f  Yoder 
e t  a l  ( 1950) and P h ilip p  ( 1963) where more th a n  one a p p lic a t io n  
was u se d . In o c u la tio n  o f  the c a s in g  th re e  days a f t e r  tre a tm en t 
w ith  z ineb  re s u l te d  in  a c o n s is te n t ly  h i ^ e r  in f e c t io n  r a t e  b u t 
a lso  re q u ire d  a te n fo ld  in c re a s e  in  fu n g ic id e  c o n c e n tra tio n  to  
ach ieve a re d u c tio n  in  numbers o f  d isea sed  mushrooms. T h is l a t t e r  
r e s u l t  su g g es ts  th a t  th e  e f f ic ie n c y  o f  th e  fu n g ic id e  has become 
reduced in  th e  in te r v a l  and u n d e r lin e s  th e  in e f fe c t iv e n e s s  o f  
t h i s  m a te r ia ls ,  as  fu n g ic id e  tre a tm e n t r e l a t iv e  to  in f e c t io n  
cannot be synchronised  under commercial c o n d it io n s . A lth o u ^  
zineb  i s  re p o r te d  to  be u n s ta b le  in  w ater (anon 1959) t h i s  reduc­
t io n  i n  e f f ic ie n c y  in  d ise a se  c o n tro l i s  u n l ik e ly  to  be due to  
i n s t a b i l i t y  a s  t h i s  m a te r ia l  was shown in  th e  p re s e n t s tu d y  to  be 
r e l a t i v e ly  s ta b le  in  w a ter a n l  s o i l  over a p e rio d  o f  s ix  and 
fo u r te e n  days r e s p e c t iv e ly .  T h is  f in d in g  i s  confiim ed by R ichardson 
( 1971) who in  a chem ical a n a ly s is  o f  s o i l  u s in g  an a d a p ta tio n  o f
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th e  methods o f  C larke, Baum, S ta n le y  and H e ste r  ( l9 5 l )  and 
Ctallen ( 1964) showed z ineb  to  be s ta b le  compared w ith  a  45% lo s s  
o f  maneb and an lo s s  o f  nab am in  b o th  s t e r i l e  and n a tu ra l  
s o i l  over a  p e rio d  o f  seven days#
The work re p o r te d  e a r l i e r  w ith  V. m althousei and zineb 
support#s th e  view o f  H o rs fa ll  and Lukens (l9 6 6 ) th a t  d i th io ­
carbam ates do n o t induce r e s is ta n c e  in  fu n g i.  Thus th e  la c k  o f  
e f fe c t iv e n e s s  o f  z ineb  in  mui^room d isea se  c o n tro l  cannot be 
a t t r ib u te d  to  th e  developm ent o f  r e s is ta n c e  i n  7 .  m a lth o u se i.
The a ssay  o f  gineb in  s o i l  w ith  sp o re s  o f  7 . m a lth o u se i 
supported  on g la s s  s l id e s  in d ic a te d  th a t  the  s tan d a rd  a p p lic a t io n  
r a t e  (jsinden and Yoder 1949) in h ib i to r y  i f  confined  to  th e  su rfa ce  
would a lso  be e f f e c t iv e  a t  p re v e n tin g  spore germ ination  i f  d i s t r i ­
b u ted  t h r o u ^  approxim ately  1 .3  mm. Burgess (l9 5 0 ) showed t h a t  
m ucilag ious sp o res  washed r e a d i ly  downwards th rough  s o i l ,  b u t no 
d a ta  on th e  p e n e tr a t io n  o f  z ineb  in to  ca s in g  m a te r ia ls  have been  
produced. I n  the d ise a se  c o n tro l  experim ent where z ineb  was ap p lie d  
a t  one hundred tim es th e  s tan d a rd  r a t e ,  th e  fu n g ic id e  may be d i s t r i ­
b u te d  th ro u ^ io u t the  c a s in g  and rem ain  above th e  minimum concen­
t r a t i o n  which p rev en ted  spore germ ina tion  in  th e  s o i l  a w ay , y e t  
s t i l l  f a i l i n g  to  g ive com plete d is e a s e  c o n t r o l .  However, in  c o n tr a s t  
to  th e  s o i l  a ssay  when a g la s s  su rfa ce  was used , when spores a re  
sprayed  on c as in g  m a te r ia ls  th ey  a re  d i s t r ib u te d  o v e r an la rg e  
su rfa ce  a re a  o f  p a r t i c l e s  o r  f i b r e s .  W ith a l a r g e ly  in so lu b le  
fu n g ic id e  i t  i s  p o s s ib le  t h a t  t h i s ,  to g e th e r  w ith  p h y s ic a l d i s t r i ­
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b u tio n  o f  th e  fu n g ic id e  p a r t i c l e s  in  c a s in g  which may produce a re a s  
o f  poor fu n g ic id e  coverage w ith in  th e  c a s in g , r e s u l t s  in  a la ck  
o f  e f fe c t iv e n e s s  a t  p re v e n tin g  spore g e rm in a tio n . T h is  concept 
i s  re in fo rc e d  by th e  la c k  o f  t o x i c i t y  o f  arach a p p lie d  zineb  to  
mudiroom mycelium in d ic a te d  by th e  absence o f  ^educed numbers 
o f  mushroom sporophores growing where high  z ineb  c o n c e n tra tio n s  
w ere  a p p lie d . I n  a d d it io n , i f  le a c h in g  removes some o f  the  
fu n g ic id e , some p re v io u s ly  in h ib i te d  spores may germ inate due to 
th e  s p o ro s ta t ic  e f f e c t  o f  g^neb a t  a  l im ite d  range o f  co n cen tra ­
t io n s .
The a b i l i t y  o f  V. m althousei mycelium to  grow a t  h ig h  
c o n c e n tra tio n s  o f  the  d ith io ca rb am ates  te s te d  and th e  in c re a se d  
growth r a t e s  induced by zineb  and Cufram Z, to g e th e r  w ith  th e  
r e l a t i v e  s u s c e p t ib i l i ty  o f  A. b isp o ru s  mycelium to  th e se  fu n g ic id e s , 
may be a f u r th e r  f a c t o r  i n  the p re v io u s ly  dem onstrated  in e f f ic ie n c y  
o f  zineb  to  c o n tro l  mushroom d is e a se  caused  by V. m a lth o u se i. The 
g re a te r  to x ic i ty  o f  Cufram Z and Vertomyo may be a s s o c ia te d  w ith  
t h e i r  manganese c o n te n t as i t  has  been  shown (Ludwig, Thorn and 
Unwin 1955, Ludwig and Thorn 1958), th a t  manganese io n s  c a ta ly s e  
th e  o x id a tio n  o f  d ith io ca rb am ate s  and a breakdown p ro d u c t, 
is o th io c y a n a te  to  e th y len e  th iuram  mo no su lp h id e , b o th  proposed 
as  more to x ic  m e ta b o lite s  o f  d ith io ca rb am ate  fu n g ic id e s  (KLopping 
1951, Ludwig and Thorn 1953, Vonk and S i jp e s te i jn  1970)♦ The 
g erm ina tion  o f  V. m althousei c o n id ia  i s  in h ib i te d  in  w a te r and 
on a g a r  by s im ila r  c o n c e n tra tio n s  o f  z ineb  in d ic a t in g  th a t  th e
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la rg e  d if fe re n c e  in  re sp o n se  to  the fu n g ic id e  between spore  
germ ina tion  and m y ce lia l growth i s  n o t due to  th e  u se  o f  d i f f e r e n t  
methods# Thus su p p o rt i s  g iven  to  the  o b se rv a tio n  by  McCallan 
and M ille r  ( l9 5 7 ) th a t  germ inating  spo res accum ulate fu n g ic id e  
more r a p id ly  th an  mycelium. However, th e  d if fe re n c e  i n  s e n s i­
t i v i t y  i s  so la rg e  th a t  i t  may be due to  the  use  o f  q u itè  d i f f e r e n t  
m etabo lic  ro u te s  in  th e  physio logy  o f  spore  germ ina tion  and 
m y c e lia l grow th. I t  has been shown th a t  s e n s i t i v i t y  to  PCNB 
in  R h izo c to n ia  ( Corticum) s o la n i compared w ith  F u sa riu n  s a la n i  
was due to  a d e to x ic a tio n  mechanism r a th e r  than  d i f f e r in g  absorp ­
t io n  r a t e s  (Kb 1968).
The g re a te r  t o x i c i t y  o f  benomyl to  m y celia l growth o f  
V. m alth o u se i th a n  A. b isp o ru s  o b ta in ed  by Wuest and Cole ( l9 7 0 ) 
and Snel and F le tc h e r  ( l9 7 l )  was. n o t dem onstrated  i n  th e  p re s e n t  
work p o s s ib ly  because o f  V. m althoused s t a i n  d if fe re n c e s  in  
to le ra n c e  to  t h i s  m a te r ia l  ( Wuest and Cole 1 9 7 0 )• I n  a d d it io n  
a d i f f e r e n t  method was u sed , d is so lv in g  th e  fu n g ic id e  in  acetone 
p r io r  to  a d d it io n  to  agar (b n e l ,  Schmeling and Edgington 1970) 
w hile  i n  th e  p re s e n t wozk i t  was added to  ag ar as  an aqueous 
su spension , as i t  would be used  in  s o i l .  T h is may r e s u l t  in  th e  
fo rm atio n  o f  a new compound d i f f e r in g  in  t o x ic i ty  to  th e  o r ig in a l  
benomyl as shown by Clemons and S is le r  ( 1969) who fouhd th a t  in  
aqueous s o lu t io n  benomyl was transfo rm ed  to  benzim idazole carbam ic 
a c id  m ethyl e s t e r ,  b o th  compounds e q u a lly  to x ic  to  NeU3t3ST»ra e ra s  sa 
and R h izo c to n ia  ( Corticum) s o la n i  b u t benomyl was t h i r t y  tim es more
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to x ic  to  Saccharomyces p a s to r ia n u s . ,
C on tro l o f  mushroom d ise a se  caused by M. p e rn ic io s a  which 
has  a s im ila r  response  to  benomyl to  V. m alth o u se i (S n e l and 
F le tc h e r  197l) has been dem onstrated  in  la b o ra to ry  t e s t s  and i n  
commercial p r a c t ic e  fo llo w in g  in c o rp o ra tio n  o f  benongrl in  th e  
c a s in g  (ü n e l and F le tc h e r  1971, D rakes and F le tc h e r  197 l)*  A p p lica ­
t i o n  o f  benomyl to  th e  c a s in g  su rfa c e  has g iv en  c o n tro l  o f  
V. m a lth o u se i (Gandy 197l)# However, H ine, Johnson and Wenger 
( 1969) showed th a t  s ig n if ic a n t  movement o f  benomyl in  g lasshouse  
s o i l s  does n o t o ccu r and i t  was d e te c ta b le  tw en ty  two weeks e ifte r 
a p p l ic a t io n , w h ile  t h i s  m a te r ia l  has been reco v ered  from mushroom 
sporophores a f t e r  s ix  weeks o f  cropp ing  fo llo w in g  in x n y r a t io n  
in  cas in g  (D rakes and F le tc h e r  197 l) • îitim u la tio n  o f  m ycelia l 
growth o f  an o th er basid iom ycete  by benomyl h a s  been  re p o r te d  
by Sm ith, s ty n e s  and Moore ( l9 7 0 ) .  Benon^l c o n ta in s  an im idazo le  
group s t r u c tu r a l ly  r e la te d  to  o th e r  im idazo le  confounds which a re  
p re c u rso rs  o f  p u rin e  bases  (a d e n in e , guanine) in  th e  b io s y n th e s is  
o f  n u c leo s id e  tr ip h o sp h a te s  and n u c le ic  a c id s  (M ahler and Cordes 
1966) .  Thus th e  p o s s ib i l i ty  e x i s t s  th a t  i f  absorbed and m e tab o lised , 
benomyl could  p ro v id e  analogue p u r in g  base components th e  in co rp o ra ­
t io n  o f  which may have g en etic  consequences# H a s tie  (l9 7 0 ) showed 
th a t  b e n la te  induced  th e  fo rm atio n  o f seg reg an ts  in  A sp e rg illu s ; 
n id u la n s  and co n sid e red  th a t  i t  may o p e ra te  d i r e c t l y  on chromosome
S^9A€«)Q'ficro <r*“ ac't o i  0. c4**rV»t<  ̂ cUrcscrw^ja.
^b reakage. Thus th e  p o s s ib i l i t y  o f  g e n e tic  e f f e c t s  in  man fo llo w in g  
consum ption o f  mushrooms c o n ta in in g  benomyl o r  a fu n g ito x ic
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decom position p ro d u c t (Clemons and S i s l e r  1969, P e te rso n  and 
E d ^ n g to n  1970) must in tro d u ce  c a u tio n  in to  th e  use  o f  t h i s  
m a te r ia l  i n  a g r ic u l tu re  g e n e ra lly  o r  more p a r t i c u la r ly  i n  mush­
room d ise a se  c o n tr o l .
I t  i s  i n t e r e s t in g  to  n o te  t h a t  Wuest and Cole (l9 7 0 ) have 
dem onstrated  v a r ia b le  responses to  benomyl u s in g V. mal thou sei. 
R es is ta n ce  to  t h i s  m a te r ia l  has been re p o r te d  f o r  S phaero theca  
f r u l ig in e a ,  c a u sa l organism o f  powdery mildew o f c u c u rb its ,  
(b ch ro ed er and P r o w id e n t i  1968, 1969) su g g es tin g  th a t  t h i s  
fu n g ic id e  i s  h ig h ly  s p e c i f ic  in  i t s  mode o f  a c tio n , a  p ro p e rty  
which could  s e v e re ly  l im i t  i t s  u s e fu ln e s s .
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P h y tia tr ie -P h y to p h a rm . ,  1 , 21
A P P E N D I X
Com position o f  Mushroom E x tra c t  Media
Mushroom e x tr a c t  medium A was a  m acerate  o f  40 g . f r e ^  
mushrooms in  one l i t r e  o f  d i s t i l l e d  w ater w ith  15 g# a g a r . 
Medium B was s im ila r  h u t w ith  15 g . m alt e x t r a c t  added. Both
A. and B . were s t e r i l i s e d  in  th e  au to c lav e  a t  10 lb s / in ^  fo r
£ is a.
te n  minuts# Medium C. m em brane-filte red  w a te r  e x t r a c t  o fA A
m acerated mushroom t i s s u e  mixed w ith  a equal volume o f  m olten, 
coo led  3^ ag ar when poured .
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A P P E N D I X  I I I
Table 47 (part l )
Mean co lony  d iam eters  o f  V. m althousei and 
A# b isn o ru s  grown on m alt a g a r c o n ta in in g  fu n g ic id e
Organism F ung ic ide  Mean colony d iam eter (mm)
F ungic ide  cone, (ppm) Day 0 Day 3 Day 6 Day 9
V. m althousei 
Zineb
A. b isn o ru s  
Zineb

















12.0 17.0 21.8 26.4
11.5 17.2 22 .4 27.4
9 .2 16.0 23.0 30 .1
7 .6 12.8 18 .0 23.8
7 .0 11 .7 17 .8 22.2
16.9 29.4 4 1 .3 53.6
16 .9 29.4 4 0 .8 53.6
12.1 23.1 36 .2 4 7 .8
4 .7 5 .8 7 .0 9 .4
3 .0 3.0 3 .0 3.0
11.3 16.4 21.2 25.6
9 .7 15.4 20 .8 25 .2
8 .1 13.7 20 .1 26.1
5 .6 9 .8 15.0 20.7
5 .2 6 .6 7 .1 7 .6
A. b isn o ru s 0 15 .4 28.1 40 .3 51 .7
Cufram Z 10 11.8 22.2 3 3 .7 4 4 .4
100 7 .8 14.0 19 .7 23.3
1000 3 .0 3 .0 3 .0 3 .0
10000 3 .0 3 .0 3 .0 3 .0
Table 4 7 . (part 2)
Organism F ung ic ide  Mean colony d iam eter (mm)
F ung ic ide  conc. (ppm) Day 0 Day 3 Day 6 Day 9
V. m althousei 
VertoDQTC












10.8 16.1 21.0 25.4
10.9 16.1 20 .9 25.8
10.0 14 .7 19 .5 24.9
5 .1 10.2 14 .8 20.0
4 .4 5 .9 8 .3 10 .7
16.0 28.6 3 9 .7 52.1
14 .8 27.6 38 .9 51 .6
10 .9 18.9 32 .8 4 2 .7
4 .2 5 .1 6 .0 6 .2
3 .0 3 .0 3 .0 3 .0
V. m a lth o u s e i  






12.0 17.0 21.8 26 .4
12 17 .7 21.7 27.2
11.8 16.8 21.5 25 r4
4 .5 5 .7 7 .0 8 .2
4 .6 5 .4 6 .7 7 .6





16.9 29 .4 4 1 .3 53.6
15 .2 27.0 39 .2 51 .4
8 .0 11 .2 12 .9 16 .2
3 .0 3 .1 3 .2 3 .2






















In cu b a tio n  p e rio d  (days)









In c u b a tio n  p e rio d  (days)
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In cu b a tio n  p e rio d  (d ay s)















In c u b a tio n  p e rio d  (days)
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In c u b a tio n  p e rio d  (days)
P ig . 50 Growth o f  A. bisnorus on agar containing Benlate
